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Introduction

Summary of Qualifications

| am a geochemist and geoctogist with experlise in the transport and fate of malerials in the
environment. } hold a Ph.D. and M.S. in Earlh Sciences from Case Weslemn Reserve
Uiniversity and a B.S. in Geology and Geophysics from Yale University. | am a Cerlified
Professional Geologist, a Regisiered Professional Geoscientist in the State of Texas and a
Registered Professional Geologist in the State of Mississippi. | have published scientific
papers regarding technical environmental matlers in peer-reviewed publications, and | have
given numercus technical preseniations regarding environmental maiters at scientific
meelings. | have worked on the engineering and scientific aspects of numerous
environmental liigation, regulatory and transaction matters, including, specifically,
environmental malters related to the land disposal of poultry wastes. | have worked
professionally as a gecchemist and geologist since 1973 and have worked on matters
related to agricultural, industrial, petrofeum and mining environmental contamination for
nearly fwenly-five years. My work experience includes consulting, industrial and academic
positions. My experience in {echnical envirenmental malters includes site investigations,
review of site investigation data, analysis of the chemical and physical characteristics of
environmental samples, historic research on industial and agricultural activilies and
processes, pefrofeum explorafion and production, mining, the environmental chemistry of
organic and inorganic contaminants and studies of he fate and transport of organic and
inorganic contaminanis in soils, sediments and water, including the collection of
undisturbed cores of unconsolidated lake sediment and the geochronological analysis of
undisturbed cores of unconsolidated lake sedimenis using natural and anthropogenic

radioactive nuclides and paleontological markers.

Since 1997 | have worked on matiers related {o lhe environmental contamination by poultry
wasles including the chemistry, generation and land disposal of poultry wastes, the
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idenlification of poullry waste constifuents in the environment, their fate and transport in the
environment, the effects of pouliry waste contaminanis on water quality, and the
management of poultry waste land disposal in easlermn Oklahoma and western Arkansas. |
have served as a consultant to the Tulsa Metropolitan Ulility Aulhority and Lhe City of Tulsa

with respect fo poultry waste issues from 1997 to the present.

Retention and Purpose Thereof
| was retained by the Oklahoma Aticrney General, beginning in 2004, to evaluale, provide
analysis regarding and to advise on matters periaining ic poultry waste generation, poultry

wasle disposal practices and the fate and transport of land applied poulfry waste.
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Summary of Opinions

1.  Defendants’ actions and practices have pclluted surface water, ground
water, soil and sediment within the lllincis River Watershed.

2. | Defendants have a long and substantial history of poultry production
within the Hlinois River Watershed.

3. The contaminants of concern within the lllincis River Watershed are
phosphorous and bacteria.

4. Poultry are the primary contributors tc the phosphorus poliution of soils,
surface walers, ground waters, and sediments within the liingis River

Watershed.

5. Poultry are highly significant coniributors to bacterial pollution of surface
and ground water within the lllincis River Watershed.

6.  The population of poultry within the lliinois River Watershed has shown
an overal! increase since at least 1950.

7. The amount of waste generated by poultry with in the Hlinois River
Watershed has increased since at teast 1950.

8.  Asubstantial mass of poultry waste is pruduceﬁ within the Hlinois River
Watershed.

9.  Pouitry waste is disposed by land application without incorporation
{simple broadcast spreading).

10. Waste generated by pouliry within the lliinois River Watershed has been
applied near to where it is generated.

11.  Pouliry waste has been widely disposed on pasture and grasslands
within the Nlinois River Watershead.
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12. Poultry waste generated by pouliry within the lllincis River Watershed is
disposed year-round, but is dominantly disposed from late winter
through spring.

13. All Defendants have disposed of pouliry waste within the WHincis River
Watershed.

14. The mass of poultry waste generated within the lllinois River Watershed
but disposed of outside the watershed is a minority of [he waste
generated wilhin the lllincis River Watershed.

15. Defendanis’ feed formulas show that Defendants add chemical
comgpounds, including compaounds containing phosphorous, and metals
{sodium, potassium, calcium, copper, zinc, arsenic and salenium}.

16. Because of the addition of compounds containing phosphorous and
metals (including sodium, potassium, calcium, copper, zinc and arsenic),
pouitry waste contains high levels of nufrients, including phosphorous,
and metals (including sodium, potassium, calcium, copper, zinc and
arsenic}.

17. The chemistry of catile diets differs from that of poultry diets,

18. The chemical composition of poultry waste is distinctly different from the
chemical composition of cattle waste and waste water treatment plant
effiuent.

18. The geoclogy of ihe lllinois River Watershed produces a circumstance in
which both the surface and ground water within the Illinois River
Watershed are highily susceptible to pollution from the constituents of
land applied pouliry waste.

20. Shaliow ground water within the lilinois River Walershed is highly
susceptible to contamination from surface-applied pollutants.

21. Constituents of land disposed poultry waste run off fields and surface
water and infiltrate through geologic media and contaminate ground
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water and are poorly attenuated.

22.  Soils to which poultry waste has been applied within the lliinois River
Watershed are contaminated by poultry wasle constituents.

23. Runoff water captured in edge of field {EOF) samples within the lllinois
River Watershed is contaminated by pouliry waste.

24, Ground water within the lllinois River Waltershed is contaminated by
pouliry waste.

25, Stream Sediments within the {liinois Rivar Watershed are contaminated
by poultry waste

26. Reservoir sediments are important archives of environmental and
geomorphic processes occurring within their drainage basins.

27. Sediment has accumulated in Lake Tenkiller since dam closure.

28. Poultry wasie constifuents have accumulated and are accumulating
within the sediments of Lake Tenkiller, and sediment concentrations of
phosphorous and cther poultry waste constituenis within Lake Tenkiller
sediments have increased over time.

29. The change in sediment concentrations of and other poultry waste
constituents within Lake Tenkiller sediments are directly related to
changes in poultry production within the lilincis River Watershed.
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Opinions and Basis

1. Defendants’actions and practices have polluted surface water, ground water, seil

and sediment within the {ilinois River Watershed. Defendants’ actions have produced a

circumsiance in which a large population of poultry is sustained and regenerated within the
confines of the {ifinois River Watershed. Based on review of governmental agency data
and authoritative texts, this poultry population has shown a pattem of cverali growth frem at
least 1950 to the present.’ Based on review of feed formulalions, Defendants desiga and

1 U. 5. Department of Commerce, Burgay of the Census, Uniied Slales Census of Agriculture — 1850 -
Arkansas, . 5. Deparment of Commerce, Bureau of the Census, Uniled Stales Census of
Agricultura - 1854 - Arkansas; U. 8. Depardment of Commerce, Bureau of the Census, United Slates
Census of Agricuflure — 1959 — Arkansas; U 5. Depardment of Commerce, Bureau of the Census,
United States Census of Agriculture — 1964 — Arkansas; U. 8. Department of Commerce, Bureau of
the Census, United States Census of Agriculture — 1969 — Arkansas; U. S. Departmenl of Commerree,
Bureau of the Census, United States Census of Agricutiure — 1974 - Arkansas; U. S. Depariment of
Commerce, Bureau of lhe Census, United Slales Census of Agriculture — 1978 - Arkansas; U. S.
Bepartmesnt of Commearce, Bureay of the Census, United Slates Census of Agriculfure — 1882 ~
Arkansas;, U 5. Deparfment of Commearce, Bureau of the Census, Uniled States Census of
Agriculters — 1987 —Arkansas; U. 5. Depariment of Commerce, Bureau ofthe Cenzus, United Stsies
Census of Agiculture — 1982 - Arkansas; U.S. Depariment of Agricullure, Nalional Agriculfural
Statistics Service, United States Census of Aorculture — 1987 Arkansas; U.S. Depariment of
Agriculture, National Agriculfurat Statisfics Service, Unifed Slales Census of Agiicutiure — 2002 -
Arkansas; U. S. Depariment of Commerce, Bureau of the Census, United States Census of
Agricultesre - 1950 - Oklghoma; U, 8. Bepartment of Commerce, Bureay of the Census, United Stafes
Census of Agricufture — 1854 — Cklahoma; L. 5. Depariment of Commarce, Bureau of the Census,
United Slates Census of Agriculture — 1958 — Okishoma; U, 3. Department of Commerce, Bureao of
the Censes, United Slates Census of Agricuiture — 1864 - Oklahoma; U. 8. Oeparment of
Commerce, Bureau of the Census, United Stales Census of Agricutfure — 1889 — Okishoma; U. S.
Department of Commerce, Bureau of the Census, United States Census of Agricullume — 1974 —
Oklghoma; U. 5. Depardmeni of Commarce, Bureau of the Census, Uniled Stales Census of
Agricuffure — 1978 — Oklahoma; U. S. Depariment of Commerce, Bureau of the Census, United
States Census of Agriculture — {1862 — Oklahoma; U. 8. Depariment of Commerce, Bureau of the
€ensus, Uniled Slates Census of Agricutiure — 1887 — Oklahoma; U. 5. Depariment of Commerce,
Bureau of the Census, Uniled States Census of Agricuifure — 1992 - Gklahoma; LS. Department of
Agricylture, National Agrculiura]l Skafistics Service, United Stafes Census of Agriculture — 4997
Olahoma; LS. Department of Agricultura, National Agrcultural Statistics Senvice, Uniled States
Census of Agricutture — 2002 — Oklahoma; Data from {he 2002 Census of Agricullure can be
derwnioaded as from hitpoffwww nass.usda goviindex asp; Data for 1992, 1997 and 2002 Census of
Agriculiure, and agricuttural census data for 1840 through 1850, on a decennizl basis, can ba viewed
or dovminaded as Adebe. pdf fles from: hitp:ffwwsy aocensus usda govwPublicationsHistorical
Publicationsfindex.asp; Strausberg, S. F. 1995. From Hills and HoPers: Rise of the Poultry Industry in
Arkansas. Faystteville: Arkangas Agricutural Expeniment Station; Crisp, H. 1989. Lioyd Pelerson and
Peterson Industries, An Amercan Story. August House, Lifile Rock; {Cal-Maine Exhibits 46 47.pdf;
Carngill Inc 2nd supp answer pdf, Cargill Turtkey 2nd supp answerpdf, CARTPI77381.pdf,
CARTI7T358 pdf; cover, pdf; BOC200801M 07 1407 32, pdf; DOC20080107140753 pdf;
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control the composition of feeds provided to thelr poullry.? These feeds contain high levels
of phosphorous and metals. Historically, wastes produced by poultry owned by the
Defendants have been land disposed by simple broadcast spreading near where such
wasles are gengrated.’ Atpresent, nearly ali of poultry waste is land disposed nearwhere

the wasie is generated.* Once applied to the land, constitvents of ihese wastes inferaci

DOC20080107140816. pdf, DOC20080107140838.paf, Georges.mdb; IRW Breeders — Created by
Court Qrder-Not Kept in Crdinary Course of Business. xs; IRW Broflers — Greated by Court Ordar -
Woi Kept in Ordinary Course of Business ds; Pelerson 2nd Supp Rasponse to First Inlerr and
RFP. pdf, SIMAG32198- number Birds and fead pdf; Tolal Bird Counts_ds).

2 CMNI3472 - CMO03581; CARTPO07982 - CARTPOMBB33; GE 34777 — GE 35008, GE 35127 - GE 35138;
GE 36081 - GE 36458, PFIRWP-083697 - PFIRWP-064049; SIM AG 11785- SIM AG 32150
TENOOMNCFF — TSHOSTONCFF; TSNOOQ1SCFF - TSNO5355CFF.

3 Tysan Environmenlal Poutfry Famm Management TSNO080CORP-TSNQ41BCORP, Deposition of Tommy
Daniel, Ph. D. Movember 26, 2007, Page 26 line 23-25; Page 27 line 1-23; Page 50 ling 17-25; Page
51 ling 1-16; of Michael Langley, Movember 7, 2007, paga 24 fines 6-19; page 25 lines 2-18;
Deposition of Bart Snyder, November 8, 2807, page 19 ling 1-11; page 1% fine 17-fine 25; paga 20
ling %; Bell, . D. and W. 0. Weaver. 2002. Chicken, Meal and Egg Production, Sth Edition. Kiuwer
Academic Publfishers, Nerwell, Massachusetts, PI-Fisher3G005905-P1-FisharD0007 209} Wilson, W,
0. 1974, Housing. Pp 218-247, in: Hanke, Q. A., J. L Siknner and J. H. Florea {eds.}, American
Pouliry Hislory 1823-1873. American Prinkog and Publishing, Madison, Wisconsin [P
Fisher00003114 - Pl-Fisherd0008505},

4 Pl-Fisher00027488-Pl-Fisher00031831; Deposition of Tommy Danigf, Ph. . November 26, 2007, Page 26
ling 23-25, Page 27 fine 1-23, Page 50 line 17-25; Page 51 fine 1-16; Deposition of Michael Langlay,
Movember 7, 2007, page 24 lines 6-19; page 26 ines 2-18; Deposition of Bart Snyder, November B,
2007, page 1% Iing 1-11; pags 18 line 17-line 25; page 20 line 1.; TSN1528{SOK-TSN1843550K;
TSN20G2880K-TSN20640S0K,; TSN20588S0K-TSN2062850K; TSN2056980K-TSH2058550K;
TSN2056150K-TSN2056850K; TSN2053850K- TSNZ055650K; TSN15835S0K-TSH1984650K:
TSN1024150K-TSH1025750K, TSN1BT4BSDK-TSN1E757S0K, TSH20517S0K-TSH2052950K:
TSN2050450K-TSN2051850K; TSN20470S0K-TSHN2050380K; TSN2048050K-TSHZ0503S0K;

TSN2045550K-TSN2046350K;
TEN1805850K-TSN1812750K,
TSM1987550K-TSH1BA8550K;
TSH2037230K-TSN2038050K,
TSHN2030050K-TSN20A3550K;
TSH1980450K-TSN18B1730K;
TEMN20H1BS0K-TSN2017080K;
TSN1993380K-TSH2005050K;
TSNZ0186SDH-TSN2021650K;
TSN1BB19S0K-TSN1883550K;
TSH1882550K-TSH1891850i(;,
TENOT3BES0K-TSHNOTA0150K,
TSN1972650K-TSN1BTTES0K;
TSN1915250K-TSN19189S0K;

TSN1968550K-TSN1970850K;
TSH2040350K-TSN2041550K;
TSN19278S0K-TSN1928350K;
TSWN1928450K-TSN1230850K;
TSMN2042650K-TSN204 54501,
TSNZTT150K-TSN2026450K;
TSNZO0BBS0K-TSN2011750K;
TSN12900S0K-TSN1990850K;
TSN1988550K-TSN18B9550K;
TSH18B3650K-TSHN1B303SOK;
TSHN1803050K-TSH18943S0K;
TSN1912858K-TSH1915180K;
TSH1871650K-TSN1873550K;
TSN16687S0K-TSHN1871550K;

TEM2041 TSOK-TSN2042550K;
TEN19847SOK-TSM1937450K;
TESN2038150K-TENZ040250K,;
TEN19284 50K-TSM 1928450k,
TSH2043150K-TSMN20454S50%;
TEMN20252830K-TSN2026450K;
TSN20051S0K-TSN20087S0K,;
TSN1918730K-TSN1922250K;
TSN2DA36S0K-TSNZ2024650K;
TSN1887280K-TSN1868250K;
TSMN1B/9180K-TSHN1880180K;
TSN1GFEaS0K-TSN18776S0K;
TSMN1B777SOK-TSN1978350K;

TSN1B55450K-TSN1858880K; .

TSN18944S0K-TSN18956S0K; TSN18661S0K-TSN1868650K; TSM13667S0K-TSN1868650K;

TSN189T7S0K-TSN1900550K;

TSN194TIS0K-TSN1848550K;

TSN1959150K-TSN 1962380k

TSNo836250K-TSNSSSE550K; TSNE1804 SOK-TSNS 182250K; TSNEDTES0K-TSNBO19250K;
TSNG208450K-TSNE2030SCOK; TSNE0SI2S0K-ITSNG 1603S0K; TSNB067350K-TSNE0T11S0K:
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with environmental media (scils, surface water, ground water, stream and lake sediments).
As a consequence, lhese constituents are found as contaminants in soils, edge of field run
off, susface waters in streams and in Lake Tenkiller, ground water, siream sediments and
lake sediments.® Since these canstituents would not be present as contaminants in soils,
edge of field run off, surface waters in streams and in Lake Tenkiller, ground waler, stream
sediments and fake sedimenls except for the actions and practices of Defendants, lhe
Defendants’ actions and praclices have resulted in lhe pollution of surface water, ground
water, sail and sediment within the lllinois River Watershed.

2. Cefendants have a long and substantial history of pouliry production within the

Hlingcis River Watershed., Norhwest Arkansas, particularly Washington and Benton

counties, presently produces and has historically produced the majority of poultry in
Arkansas.® Poultry production in this region was known as early as around the turn of lhe
cenlury, bt transitioned from a supplemental income business to a highly organized
industry beginning in the 1920s.7 In 1927, a severe drought devastated northwest

TSMA 130698 0CK-TSH 115091 S0K; TSN11508250K-TSN11511250K; TSH115113S0K-
TSN115H1320K; TSNE187ES0K-TSNG189050K; TSNE1528S0K-TSNE153750K; TSNEDTSE80K-
TENGOTTOS0K; TSNATB4050K-TSNATISES0K; TSNE003DSOK-TSNGID4BS0K; TSN52301S0K-
TSNEIEE0K; TSNOOSDASOK-TSNEOE0V 0K, TSNT202150K-TSNF203250K; PFIRWP-01058-
PFIRWP-01057; PFIRWP-000185-PFIRWP-000135; PFIRWP-000703-PFIRWP-001427; PRIRWP-
2003 17-PFIRWP-000330; PFIRWP-000383-FFIRWP-000383; PFIRWP-D00333-PHRWP-000346;
PFIRWP-060344-FriIRWP-060377, PFIRWP-C00630-PFIRWP-B007 02, PRIRWP-00D455-PFIRWP-
200481, PFIRWP-000489-PFIRWP-000515; PFIRWP-CO0SE5-PFIRWP-D00589; PFIRWP-000108-
PFIRWP-000113; PFIRWP-024980-PFIRWP-024583; BE4030-GE4D46; GETOS5-GEFOTE, GE34065-
GE34081; GE4209-GEI245; GE2357-GE2351; GE4003-GEZ4013; GEIHNAT-GEI4163; Cal-
Maina East Farm; Cal-Maine West-East appt Sites; Cal-Maing West-East Farms IRW,; Dick Lata
SunBest Farm; Dick Lalta SunBest Fanm appl sites 2; CM-000003160-CM-000003204; Ch-
Do0002545-CRI00D003132.

5 Expert Report of Roger L. Gisen, 2008; Expert Report of Bermie Engle, 2008; Experi Report of Gordon .
Johnson, 2608, Expert Report of G. Dennis Cooke and Eugene Welch, 2008, Expert Report of Valaria
Harwood; Expeit Report of Jan Stevenson. )

G Pouftry in the Arkangas Encycicpedia of Hislory and Culture,
http:fencyclopedianfarkansas. netlencyclopediafentry-detail. aspxFenlry| D=2102; Skausbeng, 5. F.
1995, From Hills and Hollers: Rise of ihe Poultry Industry in Arkansas. Fayetteville: Askansas
Agriculfural Experimant Station.

7 Poultry i the Arkansas Encydopedia of Hislory and Culture,
hltp'ﬂencycfupécﬁa0farkansa5.neﬂencydnpedia!snlry~delail.aspr?enlfy[D=21{]2; Strausberg, 5. F.
1995, From Hills and Hellers: Rise of the Poullry Industry in Arkansas. Fayelteville: Arkansas
Agricullural Experiment Station,

9
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Arkansas' fruit industry and many farmers in the area began raising chickens.® From 1935
te 1940, Arkansas witnessed a 500 percent increase in the number of chicken producers.
The indusiry received a boosi during World War |1, as pouliry escaped government
rationing. *

The Defendants have a long history of pouliry production within the lllinois River
Watershed. Significant investrent in anindustrialized poultry infrastructure was initiated in
the mid 1940s and accelerated through the 1550s. In 1943, Tyson initiated vertical
integration of his company by raising his cwn chicks and feed, and during {he fate 1640s,
major food producers such as Amour, Swift, and Campbell's Soup began iocaling poultry
processing plants in norlhwest Arkansas. By 1950, nineteen poultry-related plants were
located in Springdale zlone. Chickens were raised and slaughtered locally, packed in ice,
and then shipped to markets."®

Tyson: in about 1936, Springdale-based lrucker Jehn Tyson hauled broilers to Kansas
City and Chicago, and soon was raising and shipping his own broilers, and Tysan emerged
as a leader in Arkansas’ rapidly growing poultry industry. '*  In 1950, Tyson's company
was processing about 96,000 broilers a week. *? Tyson built its first processing plant in
1958, and by the early 1960s was fully infegrated {i.e. it conlrolled every aspect of

8 Pauliry in the Arkansas Encyclopedia of History and Cufture,
hitpffencyclopediaofarkansas. netfencyclopediafeniry-datail aspxZentryiD=2102; Strausberg, 5. F.
1885. From Hills and Hollers: Rise of tha Poultry Industry in Arkansas. Fayetleville: Arkansas
Agricultussl Experimant Station.

g Pouttry in lhe Arkansas Encyclopedia of History ard Culture,
hitp:#fencyciopediaofarkansas.netfencyciopediafentry-detail aspx7entryl D=2102; Strausberg, S. F.
1995, From Hills and Hellers: Risa of the Poultry Industry in Arkansas. Fayelieville: Armnsas
Agricultural Experiment Station.

10 Poultry in the Arkansas Encyclopedia of Hislory and Cuklure,
hiip:fencyclopediaofarkansas. netlencyclopediafentry-delail aspx?entryl D=2 102; Strausberg, 5. F.
1885. From Hilis and Hollers: Rise of lhe Poullry Industry in Arkansas. Fayefieville: Arkansas
Agricultura] Experiment Station.

11 Poultry in tha Arkansas Encyciopadia of History and Culfure,
hltp:/fencyclopediacfarkansas neliencyclopediafentry-detall aspx?entrylD=2102; Strausberg, 5. F.
1985, From Hills and Hollers: Rise of the Pouliry industry in Arkansas. Fayetteville: Arkansas
Agricultural Experiment Station.
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preduction, from hatchery to the retail sales of broiters).*

Willow Brock Foods: Willow Brook Foods came into being in 1998 as the consequence
of a merger between Hudson Foods and Tyson Foods, and the desire of Tyson fo focus on
its chicken business. Willow Brook's {urkey operation, which began in 1920, had been sold
to Hudson Foods in 1879.%*  In early 2008, Willow Brock Foods employed more than
1,000 peaple in southwest Missouri and norhern Arkansas. These operalions included a
feed mill, a turkey harvesling facilify and a processing facility for turkey, pork, beef and
chicken. Inlate March 2008, a unit of Cargill, Cargili Value Added Meats, announced that it
had acquired cerlain assets of Willow Brook Foods including Willow Brook's operations in
Springfield, Missouri where lhe origina! poultry plant was built in 1927.%°% Willow Brook's

agricultural operations, including the coniract turkey production continue to operate.'®

Cargill: Cargiil andfor ils affifialed companies began operating in Arkansas in the early
1860s. A Cargill documaent listing bam area by the year lhe barns were built (dated
Cctlober 11, 2004} shows that af least one barn still used in the turkey growing cperation
was built in 1860, and that 23.25% of Cargill's listed turkey barn capacity ai that time was
built 25 or more years previously (before 1980).Y In 2007, Cargill andfor its affiliates
employed approximalely 2,000 people in Arkansas. Cargill and/or its affiliales have
operations localed in ihe Arkansas Communities of Booneville, Glenwood, Gentry, Londan,

12 htlpifheerw tyson.comiCorporalefAboutTyson/History/1B50s aspx

13 Poultry in the Arkansas Encyclopedia of History and Culfure,
hitp:¥encyclopadiacfarkansas.netfencyclopedizfentry-detail aspxPentrylD=2102; Strausbery, 5. F.
1995. From Hills and Hellers: Risa cof the Poulfry Industry in Arkansas. Fayetfeville: Arkansas
Agricultural Experiment Station.

14 Springfield News Leader, Apnil 1, 2005. Willow Brook Foods sold; 780 tocal jobs to ba lest avatiable al
htip:fivwann.news-leader.comifapps/pbes.difaricla?AID=/200804H/NEWS01/B04010374;
http:ifeen willowbreokfoods comicorporatelcorp.him.

15 O'Kesfe, T, Apni 24, 2007. Wilow Brook Foods Precision Shicing Underground available at
hitp-ffwway wattpouliry.comdPrinl Page. aspxtid=12032.

i6 Press Releass March 31, 2008: "Cargif acquires Willow Brook Foods', available at
hitp:fheswrw.cargiimeatsclutfens comfpress_releases20084H_cms_pr_willbrook him#TopOfPage.

17 CARTP 1585749, :
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Ozark, Russeliville and Springdale." Cargill entered the turkey business in 1967, and the
headguarters of Cargill Turkey Produclts business unit are located in Springdals,
Arkansas.'® Between 1974 and 1975, Cargill purchased the turkey operations of Ralston
Purina located in Springdale, Arkansas, and Califomia, Missour.”® The "Springdale
Complex” comprises Cargill Turkey Products operations in Springdale, Genfry and Ozark,
Arkansas, employs approximately 1,000 people and was established in 1964.' Canill
sold Sunny Fresh Foods with operations within the Mllinois River Watershed to Cal-Maine
between about 1989 and 1980.%

The operations at Springdale and Gentry, Arkansas formerly operated by Cargill and now
operated by Cargill Turkey Products are focated within the Hinois River Watershed.® The
Springdale, Arkansas operalions include a feed mill, and the Genlry, Arkansas operaltions
include a hafchery. Gargill turkey operations wilhin 1he ilfinois River Watershed include six
company-owned breeder farms, pre-production farms and production fams.?*

18 Affidavit of Steven Willardsen in suppert of the Caigilt Defendants” response to Plaintiffs’ motion fo compal,
Document 1138, Case 4:05-cv-00329-CKF-5A4, Filad in USDC NDIOK, on B4/2672007.

19 Affidavit of Steven Willardsen in supporl of the Gargil Defendants’ response to Plaintiffs' motion to compal,
Document 1138, Case 4:05-cv-00329-GKF-5AJ, Filed in USDC ND/OK on 0472612007,

20 hitpthwawr cangill. comfabouthistoryhistory 1850 htm; CARTE114667.

21 ARidavit of Sleven Willardsen in support of the Cargill Befendants’ response to Piaintiffs’ motion o compel,
Document 1136, Case 4:05-cv-00328-GKF-SAJ, Fited in USDC ND/OK on 0472612007,

22 Videotaped 30(B){5} Deposition of Cal-Maine Foeds (Steve Storm), Oclober 8, 2007, paga 35 line 18-25;
page 37 ling 1-3; Videotsped 3{B)NB) Depositicn of Cak-Maine Foods (Steve Slom), Oclober 9,
2007, page 233 line 2-21.

23 Affidavit of Steven Willardsen in support of the Cargill Defendants’ response to Plainlifs’ motion to compal,
Dacument 1138, Case 4:05-cv-00320-GKF-SA, Filed in USDC NDYOK on 0452612007,

24 CARTP158224-156226; ACAQOGY, BCADCD142, BCADOD50, BCAQDD15Z, BCAQRDISS, BCADDD1SA,
BCAQDDS2, CARTPODIGO3, CARTPOCO004, CARTPOOO7TI, CARTPOOOBIS, CARTPOOOBYS,
CARTVPOOSTY, CARTPO008RS, CARTPO0GSSY, CARTPO01062, CARTPODI070, CARTPOG1 118,
CARTPDG1218, CARTPO01275, CARTPODM 377, CARTRODI383, CARTPOOI484, CARTPODI542,
CARTPD01610, CARTPOO1655, CARTPO01T23, CARTPOD1784, CARTROD57SE, CARTPO01953,
CARTPD01883, CARTPOO2055, CARTPO02085, CARTPID2177, CARTPO022682, CARTP02304,
CARTPO02212, CARTPO02366, CARTPDU2434, CARTPOD2508, CARTPO02676, CARTPDOZTAES,
CARTPQ02B35, CARTP002838, CARTRIIZ2R81, CARTPOD2886, CARTPOO2882, CARTPOG3D4],
CARTPOO2060, CARTP003228, CARTPO03365, CARTPO03532, CARTRDR3581, CARTRO03578,
CARTPODI762, CARTPO03307, CARTFOG4094, CARTPO04242, CARTPO04385, CARTP04403,
CARTPOU4529, CARTPOU45802, CARTRO04854, CARTPO05036, CARTFO05230, CARTPOO5402,
CARTPO0ES3T, CARTPODST22, CARTPO0SB57, CARTRODS005, CARTPO0S008, CARTRODGDG1,
CARTPR06208, CARTPOOG210, CARTPO06458, CARTPO05486, CARTPO06524, CARTPODGER4,
CARTPOOG858, CARTPODT(038, CARTPO07242, CARTPGOO7331, CARTPOOT447, CARTPOOTAST,
CARTPO07588, CARTP(O7576, CARTPOOTT21, CARTFOOT724, CARTPOO788Y, CARTPG 1058,
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Cobb-Vantress: In 1861, Cobb-Vantress opened a hatchery in Siloam Springs, Arkansas,
which became Cobb's international headquarters in the late 1980s. In 1994, Tyson Foods,
Inc. acquired 100% of Cobb's stock from the Upjohn Company. ®®

Peterson Farms: In 1938, Lloyd Pelerson began the Peterson Produce and Hatchery
Company. In 1847, the company changed its name to Peterson Industries. By 1852, the
company had an incubater capacity of 356,000 and was hatching 75,000 chicks each week.
Additionaliy, the company had a breeding farm with a capacity of 44,00¢ birds and an
experimental farm with a capacity of 25,000 birds.  The company’s feed milt could produce
80 tons/8-hour shift. Peterson Farms began broifer processing in 1963, In 1966 Peterson
Industries formed Decalur Foods, a processing and markeling company that at that time
processed 250,000 birds per week. 2

Simmons: Simmons’ history in the llincis River Walershed area begins in 1849 when M.
H. "Bil” Skmmons and a partner, Frank Pluss, purchased a converled mote! to form Pluss

CARTPOB2823, CARTP(82849, CARTPDB2863, CARTPO82877, CARTPO82504, CARTPORZO1T,
CARTPGS2230, CARTPOB2947, CARTPOBZ964, CARTPOS2881, CARTPOS2898, CARTPARID1S,
CARTPOS3032, CARTPOR3049, CARTPORINGS, CARTFO83053, CARTPOSMOD, CARTFDAIHT,
CARTPOS3M134, CARTPOR3151, CARTPOBAZ04, CARTPD38271, CARTPO8BMS, CARTPOBE44E,
CARTPO3BEGT, CARTPDE1280, CARTPO91489 , CARTP091554, CARTPORYESY, CARTPOS1737,
CARTPO91828, CARTP0S1855, CARTP021842, CARTPO2020, CARTPO92114, CARTPOG2173,
CARTPO82253, CARTPD92382, CARTP092528, CARTPOS2E02, CARTRDI2V03, CARTPDO2788,
CARTPO92680, CARTPOB3058, CARTPI23150, CARTPOS31699, CARTPOS3289 , CARTPOG3428,
CARTPOB3516, CARTPO93603, CCAU0DO16, CCADDDY7, CMO00000354, CRO00D00427,
CMOC0003430¢, CMODD0D0A4d, CMOODD0089S, TMOD0000703, CMAD0CO084R, CROD0001044,
CMOD0001058, CMO00001284, CMOO0001372, CMODOOOMETE, BCAICD26, OKDADIOT,
OXDAD2994, OKDAOG302, OKDAT0055, OKDAT 124, OKDAT5917, OKDA16237, OKDAITS87,
{(note OKDA prefix records are alse within Pl-Fisher00027458-00031 83 1)OK-PL-0000004, OK-PL-
00251, OK-PL-0040632, OK-PL-0001 108, OK-PL-0001508, OK-FL-0004875 thiy OK-PL-0001024,
OK-PL-G092541 thru OR-PL-0002551, OK-PL-0002592 thru OK-PL-00026842, DK-PL-0002656 thru
OK-PL-0002747, OK-PL-9302850 thru OK-PL-0002800, QK-PL-0O02870, OK-PL-O0O2852 thru OK-
PL-CO03003, OK-PL-0003004 thru OK-PL-0003054, OK-PL-B003055 thiu OK-PL-0003105, OK-PL-
(1037142, OK-PL-0003823, OK-PL-0003835, OK-PL-0002854, OK-PL-O003862, PFIRYYP-D00186,
WOCADDDI92, WCADDG193, WCAONOMES, WCADDNSS, WOAJOGIEE, WOCADDDISD, ODAFF
Oatabase 1D 1032, 1D 250, 1D 294, 1D 432, |D 532, 1D 727, 1D 732, ID 785,

25 hitp.ffeww cobb-vaniress comfabouiUs/CobbHistory. aspx.

24 This discussion is drawn from Crisp, H. 1889, Lioyd Pelersen and Peferson Industries, An Amenican Story.
August House, Little Rock; hitp:fhwww. petersonfarms com.
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Pouliry in Decatur, Arkansas. In 1852 the company built a new processing plant in Siloam
Springs with a capacity of 10,000 birds per day, 1he largest and most modem in the world
at the time.®™ In 1954, Simmons bought out Frank Pluss and changed the name of the
company to Plus Poullry. In the eariy 1870s the name of the company was changed o

Simmons Industries, 2

George's, Inc.: C. L. George's & Sons, a pouliry and egg producer had headquarers in
Springdale, Arkansas in the 1950s%°, but had operated growout barns within the Illinois
River Watershed in the 1840s.¥ The original poulizy processing plant in Springdale was
purchased by George's in the 1960s.*' In 2007 Cal-Maine acquired a 90% ownership
interest in Bentan County Foods, LLC which has praduction in 1he Arkansas portion of the
llinois River Watershed.™ Benton County Foods, LLC was formerly George's Commercial
Egg Division (a producer of commercial table eggs).™ This acquisition included production
facilities (i.e. houses wilth hens in them that preduced the eggs) and an egg packing plant
where the eggs were processed and packed as well as miscellaneous equipment.®

Cal-Maine: Cal-Maine Foods, Inc. is the largest fresh egg producer in ihe United Stales,
and had operations in the lllinois River Watershed between 1990 and 2005.%° Cal-Maine
became involved in cperations located within the llincis River Watershed between about
1988 and 1990 when it acquired Sunny Fresh Foods, a division of Cargill, and alher assets

27 httpdiveew . simmonsprotein comiplant him.

28 Strausberg, §. F., 1995, From Hills and Hollers: Rise of the Pouliry Indusly in Arkansas. Fayetleville:
Arkansas Agrcultural Experiment Stalion.

28 Strausherg, S. F., 1985, From Hills and Hollers: Rise of the Poullry Industry in Arkansas. Fayetleville:
Arkansas Agricultural Experiment Station.

39 30{B}(6) Daposition of Banniz MaClure, August 15, 2007; page 27 ina 4-7.

31 30(B}B) Deposition of Bennie McClure, August 15, 2007; page 21 line 7-10.

32 CalMaine Foods 10-Q SEC Quaredy Filing, Apfil 1, 2008 hlipsisec.edgar-
onling.com/2008/04/01/0001 144 204-58-01 8825/5ection12.asp.

33 30{B) (6} Depostition of Bennie McClure, August 15, 2007; page 20 Ina 7-11; pags 21 fine 7-25, page 22
fine 1-18; pags 95 line 4-25.

34 30{B)(6} Deposition of Bennia McClurs, August 15, 2007; page 21 fine 7-25, page 22 ling 1-18.

35 hitphvww.answers. comfopicfcal-maine-foods-int?eat=biz-fin; Vidsoteped 0{B}B} Daposilion of Cal-
Maine Foods {Sleva Storm}, Cclober 8, 2007, page 20 ing 18-25,
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within the IHinois River Watershed.® In 2007 Cal-Main acguired a 90% ownership inferest
in Benton County Foods, LLC that has produclion in lhe Arkansas pertion of the lilinois
River Watershed.¥” Benton Counly Foods, LLC was formerly George's Commerciat Egg
Division {(a producer of commercial table eggs).*® This acquisition included production
faciliies (i.e. houses with hens in them that produced the eggs), an egg packing plant
where the eggs were processed and packed and wel! as miscellaneous equipment.*

3. The contaminants of concern within the llinois River Watershed are phosphorous

and bacteria. Many sireams wilhin the lilinois River Watershad show excessive algal
growth, proliferation of non-desirable aigal species and adversely allered fish communities
as a consequence of high phosphorous levels.*® in addition, many slreams within lhe
llincis River Watershed, including the llincis River, show high levels of fecal bacterial
contamination during periods of high fiow.*'  Similarly, Lake Tenkiller, due o increases in
phosphorous load, experiences decreased water clarity due 1o excessive algal growdh,
changes in ihe compaosition of algal species to less desirable species that dominate under

high nutrient conditions and adversely altered fish communities. 2

4. Pouiltry are the primary contributors to the phosphorus pollution of soils, surface

waters, ground waters, and sediments within the lllincis River Watarshed. Dr.Bemie

- Engle reviewed numerous studies regarding phosphorus foads to streams and rivers within
the lilinois River Walarshed and found ihat observed data and modeling evaluations

presenled in these studies indicale that the non-point phosphorous sources are the major

35 Videotaped 30(B}{6) Deposition of Cal-Maine Foods {Steve Storm}, Qctober 8, 2007, page 36 fina 18-25;
paga 37 iine 1-3; Videotaped 30{B)(6} Daposition of Cal-Maine Foods (Sleve Siormm), October 9,
2007, page 233 ling 2-21.
37 CalMain  Foods 10-Q SEC  Quadedy Filing, Aprl 1, 2008 hitp/feec.edgar-
online.comf2008/04/01/0001 144204-08-019825/Section12.asp.
38 30{B){6} Deposition of Benniz McClure, August 15, 2007; page 20 lina 7-11; page 21 lna 7-25, page 22
fine 1-18; page 85 fing 4-25.
38 30{B){6) Deposition of Bennie KcClure, August 15, 2007; page 21 lins 7-25, page 22 line 1-18.
4G Expert Repon of G. Dennis Cooke and Evgene Welch, 2008,
41 Expert Report of Cheistopher Teaf;, 2008, Expert Report of Valerie Harwood, 2008; Expart Repart of Roger
Qlzen, 2008.
42 Expart Report of Jan Stevanson, 2008.
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contributer to phosphorus wilhin the streams and rivers of the llinois River Watershed and
to Lake Tenkiller.*? A report concerning phosphorous mass balance within the Iinois River
Watershed® found that poultry produciion is currently respansible for 76% of the annual
phosphorous additions to the llincis River Walershed. The phosphorous mass balance
report also reperls an allocation of phosphorous to sources other than pouliry as: (1)
commercial fertilizers (7.5%}, {2) dairy callle {5.2%}, {3) humans {3.2%}, {(4) swine {2.9%),
industrial sources — mostly poultry pracessing facilities {2.7%) and {5) beef caile (1.7%).
The remaining sources of phosphorus evaluated by Engle in his 2008 Expert Report {urban
runoff, golf courses, whelesale nurseries, and recreational users) were negligible (< 1%).
This report also found that histerical data indicated that peultry production has been the
major contribulor of phosphorus to the watershed since 1964. The report alsc stated that
from 1849 to 2002, there has been a net addition of more than 219,800 fons of phosphorus
in the lllincis River Walershed with 68% of it, or more than 148,000 tons, altributable to
poultry production.

The phosphorous mass balance repor concludes that most of the phosphorus entering the
llinois River Watershed is refained upstream from the dam peofing Lake Tenkiller. Cf the
three phosphorus exporis from the watershed {harvested crops, harvesied deer, and water
leaving Lake Tenkiller through the spilway) outflow of phosphorus through the spiliway at
the scuth end of Lake Tenkiller was the fargest. According io current data, the flow of
water through the spillway remaoves just over 1% of the annual phosphorus additions to the
walershed. The remaining two phosphorus expors combined remove less than 0.5% of

current annual phosphoius additions to the watershed.

The phospharous mass balance report presented by Engle is also concordant with prior
independent work that identified bebween 50 and 83% of the phosphorous mass balance in

43 Expert Repoit of Bernie Engle, 2008,
44 Expent Report of Berniz Engle, 2008.
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the Niinois River Watershed as attributable to livestock.*® indeed, work done in 1997
showied that livestock were responsible for 78.63% of phospharus inpuis fo ihe llinois River
Watershed Riverwhile fertilizer represented 7.24% of inputs and point sources represented
4.5% of inputs.*® Work published by Slaton, et al." that studied nuirient mass balance in
Arkansas, found that {he area with the grealest excess phosphorus was northwest
Arkansas which includes Benlon and Washington counlies, and that the source of this
excess phosphorus was animal manure, specifically pouitry waste. In this study, nuirients
contained in beef catlle manure were ignered because, "a large proportion of these
nutrients are obtained from forage and deposited directiy {i.e., recycled) to pastures during
grazing rather than collected in lagoons or stockpiled from confined animal production
facilities.” Finally, the Slatan, et al. publicalion states that ihe accumutation of excess P in
soils is problematic, since soil P levels are conelated to the amount of P in runoff, ang
concludes that current nutrient application strategies in western Arkansas are not
susiainable wilhout the danger of creafing andfor exacerbaling waler quality issues from
excessive nutrients, Dr. Roger Qisen, using a pathway sampling approach has shown that
phosphorous and other constituents from poultry waste are transperied from pouliny wasle
disposal sites to surface water, ground water and siream and lake sediments within the.
llinois River Watershed. *®

5. Poultry are highly significant contributors to bacterial pellution of surface and

ground water within the lllinois River Watershed. Dr. Valerie Harwood has shown that

baclerial DNA unique fo pouftry is found in pouliry waste, soifs that have received poultry

45 Smith, R. and R. Alexander, 2000. Sources of Nutrents in the Nation's Watersheds Managing Nutrisnts
and Pathagens from Animal Agriculture. Proceedings from the Natural Resource, Agriculture, and
Engineering Senvice Conference for Nutrfent Managzment Consultanls, Extension Educalors, and
Producer Advisors, March 28-30, 2000. Camp HEl, Pennsyivaniz; Smith, R. A, G. E. Schweariz and R,
B. Alexander, 1997. Regional interprelation of water-quality moniloring data. Water Resources
Research, 33 2¥51-2798.

46 Smith, R. A, G. E. Schwartz and R. B. Alexander, 1997. Regiona! interpretation of water-quality
monitaring data. Waler Resources Research, 33 2781-2788,

47 Slaton, M. A. Brye, K. R., Daniels, M. B., Daniel, T. C., Norman, R J. and Miller, D. M. 2004. Nutrient inpul
and Removal Trends for Agrcultural Soils in Nine Geographic Regions in Arkansas. J. Environ. Qual.
33:1606-1615 {Pl-Fishar0005182 - PLFisher0g005191).

48 Experl Report of Roger Olsen, 2008,
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waste, edge of fizld runoff from fields upon which poultry waste has been disposed, surface
waters and some ground water samples within the lllinois River Watershed*® Dr. Roger
Olsen, using a pathway sampling approach combine with a principal component analysis
{PCA), has shown ihat fecal bacteria from poultry wasle are transported from poullry waste
disposal sites o waterways and ground water within the lllinois River Watershed. *° Dr.
Chrislophar Teaf has evaluated lhe amount of fecal bacteria coniributed to 1he linois River
Walershed. He has determined that 41.1 % is coniributed from pouliry waste, 44.4%
percent is contributed by cattle, 13% is contributed by swing, 0.8% s contributed by failing
septic tanks and 0.01% is contribuled by WWTP effluents. ™

6. The population of poultry within the lllincis River Watershed has shown an overali

increase since at least 1950, Based on Defendants documents®, a lotal of at least 1.1

billion birds of all types™ have been produced by Defendants within the Hiincis River
Woatershed during ihe period 2000 through 2007, The fotal number of birds produced within
ihe lllingis River Watershed by Defendanls is shown in Table 1 below.

459 Expert Rapoit of Bemiz Engla, 2008.

50 Expart Report of Roger Ofsen, 2008

51 Expert Report of Christopher Teaf, 2008.

52 Defendanls’ information concerning recent poultry production wilhin the llRnois River Watershed {Cal-
Maine Exhibits 46 47.pdf; Cargilf Inc 2nd supp answer.pdf, Cargill Turkey 2nd supp answer.pdf;
CARTPI77361.pdf; CART1¥7359.pdi; cover pdf; DOC20080107 140732 pdf;
DOC20080107 140753 pdl; DOC20030107 140846 pdi, DOC20080107 140838 pdf, Georges.mdb;
IRW Breeders -- Crealed by Court Order-Not Kept in Ordinary Course of Business. xls, [RW Broiters —
Created by Court Order - Not Keptin Crdinary Coursa of Busingss.xls; Petersen 2nd Supp Response
to First Inlerr and RFP.pdf;, SIMAG32198- number Birds and feed.pdf, Tota! Bird Counls.xis).

53 The tofal is 1,130,838, 718 binds of afl types.
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Taire 1.
{llincis River Watershed Bird Producton (2000-2007)
as Reported by Befendanis
by Year
Year Birds Preduced
20410 117,119,742
2001 138,044,793
2002 137.595.261
2003 140,688,827
2004 160,147,813
2005 157,851,957
2005 160,087,828
2007 128,402,488
TOTAL 1,130,938,719
Notes: 2060 is a pariial year for George's and Paterson;
2005 is a pariial year for Cal-Maine; 2007 is a patial (14
year for afl Deiendants

Page 19 of 97

The average annuat bird production bebween 2000 and 2007 was 141,367,340 birds/year.
The fewest birds (117,119,742) were produced in 2000 and lhe most birds (160,147,813)
were produced in 2004. Bird preduction totals repored by each Defendant are fabulated

for the period 2000 through 2007 in Table 2.

Tablz 2.

as Reporled by Defandants
by Defendants, all years

Aggregate linois River Watershed Bird Produclion (2000-2607)

Totzl Binds Percent (%) of Total Sirds

Defendant 2000-2007 2000-2007)
CalMains 4813 119 0.43%
Cargill 23,302,585 2.04%
LCob-Vaniress 10,018,183 0.85%
Georgss 105,781,524 8.35%
Pelerson 121,736,097 10.76%
Simmons 162 400,000 14.36%
Tyson 703,077.21% 82.17%

An esfimate of poultry preduction within the illinois River Walershed based fand use and
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land cover data and agricullural census data® for the pericd {1949/1850 - 2002) is provided
in Tabfe 3 and shown graphically in Fig 1. Inspeclion of Table 1 and Table 3 shows that the
estimate of poultry production obtained from a consideration of the poultry census data and
land use and land cover data for 2002 compares favorably with the poultry production
information provided by the Defendants (151,781,155 versus 137,585,261; a difference of
approximalely 10.3%).

Table 3,
Estimated Poultsy Production Within the Tiinols River Watershed
Based on USDA Agricultural Census Data and Land Use and Land Cover Bata
Broilers Layers Pulfets Turkeys
Year (Soid) {inventory + Sold) | {lnventory + Sold) | {inventory + Sold) | Total Pouttry
1948/50 11,824 434 No data Mo data 38,487 11,962,832
1854 18,617,042 Wo dala No data 302,785 18,919,824
1859 35,685 225 No dala No data 488,136 36,174,360
1954 60,681,482 1,758,742 Mo data Mo data 52 441,223
1063 75,718,474 8,887 861 Mo data Mo data 82 406,334
1974 80,775,485 3,861,138 No data Nodala - 84 BRD 623
1978 87,085,705 6,358 778 4,041,266 2,274,666 8o 760,715
1982 91,645,866 7730130 3,851,859 2,889,320 106.227.014
1857 100,090,686 9,386,234 4,254,641 5,443,358 119275019
1592 124,834,505 7,550,805 4 476,492 4,013,895 140,875 787
1997 126,788,274 5,895,840 3,603,572 4,780,619 140,968 402
2002 132,700,237 4 870,617 3,186,207 4,024,094 151,781,155

7. The amount of waste generated by poultry within the lllinois River Watershed has

increased since at least 1950. The amount of waste generated by pouliry is a function of

bird type, bird size {weight) and bird fifa span; for a given type of bird, the greater the total
weight of birds grown, the greater the amounl of waste produced by the birds5®
Consequenlly, the increase in the poullry population within the Hiincis River Watershed
since about 1850 through the present, combined with the increase in the weight of
marketed birds from 1850 through the present,™ leads to the inescapable canclusion that

54 Expen Report of Bemie Engle, 2008,
55 Expert Report of Bemie Engle, 20085.
58 Expert Report of Bernie Engla, 2008,
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ihe amount of wasle generaled by poultry within 1he llincis River Watershed has increased
from 1950 through the present.

8. A substantial mass of poultry waste is produced within the lllinois River

Watershed. A 0.7-meler resclution orhorectified air photo was cbtained for both the
Oklahoma and Arkansas portions of the lHinois River Watershed in the spring of 2005.%7 All
imaged structures were reviewed and structures with characieristics of poullry houses
{long, refatively narrow buildings often with feed silos, incinerators and clher features
potentiafly characteristic of poullry houses) were identified. In addiiion, the length and
widih of all potential poultry houses was measured using ArcView spatial analysis icols.
This preliminary air photo interpretation was ground-truthed by investigator teams. These
teams recorded relevant characteristics of each structure {including any signage) that could
be seen from a public right-of-way.*® In addition, Oklahoma Department of Agriculure Food
and Forestry (ODAFF) records™ and munfy tax assessor records (which recorded location,
bird fype and bird inventory daia for pouliry farms by school district) were reviewed and
compared fo the air photo and investigator information.® Lastly, as Defendant's discovery

documenis® became available, information from these documents concerning the location

57 STOK 20439.20440

58 OK-PL 0001 - OK-FL 3846,

59 PLFisher00027498-00031821.

60 Pi-Fishert0032084-PIl-FisherD0032818.

61 S AG 32151-5H4 AG 32187, SIM AG 31736-5IM AG 21785; SIM AG 31653-5IM AG 31735; SIM AG
J0398-5IM AG 31652, PFIRWC-000001-PFIRWC-006383; FFIRWEUI]ID&EBLPFER‘J"J’EGDUZ‘!N
PFIRWECGOC2162-PFRWEDDD352D; PFIRWEGDH4642-PFIRWECDDS 180; PF IR‘H‘UP—G&DGD‘E—PFIR“P—
024300, PFIRWP-D24310-PFIRWP-04B8185; PFIRWP-084359-PRIRWC-007 186, TSNOODOt-
TEMOE7A0S0K,  TSWNUDODZ-TENAB196S0K;  TSHOOZACORP-TSHO3NGCORP, TSNOGETH1-
TEN1557050K; TSN10797450K-TSH11118550K; TSM1111B6S0K-TSN111E0650K;
TSM111807S50K-TSN14183880K; TSN15674-TSNIT52850K,; TEN1E197-TSN3ISEE3B0K;
TOMN3I1530-TENE125650K, TSNISEEE-TSMS403A50K; TSNAT108-TSNAT11350K; TEN51257-
TSHES5TES0K; TSNS4038-TSNGS1 1850K; TSHNES120-TSNE4T 1S5S0, TSNE4T1{-TSNEES18S0K;
TSNBES20S0K-TSNETIB250K; TSNATIE5-TSMACTEFISOK; GEOT20700001-GERT20700588; GE
10988-GE 120958, GE 13017-GE 176156, GE 17738-GE 18531; GE 18532.GE 18319, GE 19320-GE
34028; GE -GE 10951; GE 34029-GE 37800; GE 37801-GE 48211; GEOB240700001-
GEQB240700555; GE1G841-GE27129; GE27130-GE42153; GE2B231A-GE384904; CARTPODOO0S-
CARTPOE015;, CARTPIMEG18-CARTPO 5020; CARTPO15022-CARTPO16842; CARTPD16844-
CARTPO42085, CARTPO43590-CARTPOB2822; CARTPO82823-CARTPO3B174; CARTP(BS Y75
CARTPOS5208;, CMOG00GODM-CMID0001438, CMO00801437-CMO00001 BER, CICOM002656-
CMOJ000Z7TEE;, CMO00002800-CHOD0002523; CMOD0G02524-CHO00003157; CMODDOO3 158
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and number and size of pouliry houses and type(s) of poultry grown were integrated with
ihe exisfing spatial database. The product of this analysis was a spatial dalabase
containing the location of each structure abstracled from the air phote, 1he length and widlh
of each structure, the Defendant responsible for the structure, the fam name, the grower's

name, the type of bird grown, and bird capacily of each house.

As shown in Table 4, at {he time the air photo was taken (Spring 2005) there were a total of
3,226 aclive, inaclive, abandoned or removed (foundalions siill visible) poullry houses
wilhin the flinois River Walershed. In addition there were 294 houses whose stalus could
not be determined (no visibility from a public right-of-way andfor no refevant documents).

Table 4.
Poultry Houses and Probable Poultry Houses
in the {llinois River Yatershad
by Status {c. 2805-2006}

Unknawn TOTAL
Status Active | Inaciive | Abandened | Removed {probably poultry} Aclive, Inactive, Abandoned
P pouiiry and Removed
Houses | 1,847 Bis 351 110 284 3,226

These data are in goed agreement with information produced by the Defendanls after this
assessment had been made. For example, Simmons reporied an average of 346 tolal
houses {276 active + 76 inactive) for the period 2003-2007.%% The air photo, ground truth
and document work done prior to receiving Simmons’ information produced an estimate of
354 total houses {307 active + 47 inactive); within 2.3% of the tota! house count and within
11.2% of the active house count. Likewise, George’s provided documents that described
286 active houses wilhin the lilinois River Walershed in December 2004. The air photo,
ground truth and document work done prior lo receiving Georges’ information produced an

estimate of 333 total houses {311 active + 42 inaclive). Shown in Fig 2 is a map of active

CMO0G0003284; CHOG0003285-CHO0000347 4; CMOMA33-CMOD13T71.
82 SIMAGEZ2188.
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poultry house locations with identified integrators wilhin the lllinois River Watershed.

The amount of waste generated by active poultry houses was calculaled based on a
consideration of ihe amount of waste produced per unit area of house by bird type. The
amount of wasle produced per unit area of house by bird fype was calculated from data
presented in animal waste managementi plans prepared under the supervision ofthe U. S
District Court {N.D. OkL) by the Eucha/Spavinaw Waltershed Management Team ®® Each of
these waste management plans provided the lengths and widths of 2ach poultry house as
well as an assessment of the amount of waste produced by each pouliry operation.
Because these plans were prepared under Courl supervision and were prepared by a smalt
number of professionals working within & single administrative unit, the data in these plans
was considered te be reliable and consistent. Moreover, lhe Eucha/Spavinaw Watershed is
cantiguous with the llincis River Watershed and has similar poultry operations.®* The
waste yield per unit area data obtained from ihe analysis of the Eucha/Spavinaw animal

waste management plans is provided in Table 5.

Tabiz 5.
Annual Unit Area Wasle Yield by Pouliry Type.
Wasle Yiekd
Bird Type {Ibs/’Fy)
Broiler 241684
Breederhen 17,317
Turkey 15111
Comizh 12,0682
Pullel 10.287

Based on this approach, the tolal amount of wasie generaled wilhin ihe iliinois River
Waltershed was calculated as 354,000 lons.

83 Pl-Fisherd0015544 fhrough Pi-Fisher025356 [2lso as ESWM D00001 through ESWM 009815},

64 Qperations of all defendants except Cal-Maine and Willowbrook Fanms, are present within the
EuchafSpavinaw Watershed. As in the lilincis River Walarshed, poullry operalions in the
EuchafSpavinaw Watershed are dominated by broiler preduction with, on average, 5.5 Rocksfyear;
are largely supplied by the same feed mills as supply operations in the llinois River Watershed and
defiver thelr birds to the same processing planis as poultry operations located in the llincis River
Walershad.
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To be included in this computation, it was required that a poultry house be classed as
“active” {or recently so, in the case of Willowbrook Farms) and that ils responsible
integrator {Defendant} was known. !nactive houses and houses for which an integrator
{Defendant) had not been determined were not included in this computafion. The resulis of
this computation are given in Table 6. This eslimale is censervative, olher poullry waste
production estimation approaches discussed in Dr. Engle’s repart, yield estimales that
exceed 500,000 tons of annual pouliry waste production within the lllinois River
Watershed.%® Thus currently, and for an appreciable {ime previously, the Defendants have
produced substantial amounts of waste within the lilincis River Walershed.

Tabls &.
Paoultry Waste Production Within the Hinois River Walershed Estimated from a Consideration of the
Telal Area of Active Poullry Houses Operaled by a Known Defendand

Defendant | Broiler | Breeder | Turkey FPullet { Cornish Hen TOTAL %
Cal-Maing 358 112 2280 2750 | B.758%
Cargilt 2,860 15,108 178658 | 5.08%
Georgas 49,313 5511 2488 1888 | BO101 | 16.93%
Pelerson 35,063 491 27T 1,341 37143 | 10.49%
Simmons 58,724 5757 1,818 66,299 | 18.73%
Tyson 125421 18,582 7,735 8 874 1,521 | 167,144 | 47.22%
Willowbrook 2,597 2597 | D.73%
TOTAL | 273,002 | 33,870 17,704 | 12 430 9,874 6,809 | 354,000 100%

% | F712% i 5.60% 500% | 351%| 275%| 1958% 100%

8. Pouitry waste is_disposed by fand application without incorporation {simple

broadcast spreading). Based on my personal chservations, lhe observations of

investigators®, deposition testimony™, and technical publications®, poultry waste is

G5 Expert Report of Bemnie Engle, 2008.

66 OK-PL-0004324 — 00053063, Pi-Fisher 00025471 — DO025547; PL-Fisher)0027362-Pi-Fisherd002 73685,

&7 Deposition of Tommy Daniel, Fh. 0. Movember 28, 2007, Page 26 ine 23-25; Page 27 line 1-23; Paga 50
line 17-23; Page 51 fine 1-16; Deposition of Michast Langley, November 7, 2007, page 24 lines B-19;
page 26 fings 2-19, Deposition of Bart Snyder, November 8, 2007, page 12 line 1-11; page 19 kne
17-line 25; pag=2 20 lina 1.

B8 Tyson Environmental Poultry Farm Management TSNO0S0CORP-TSHO118CORP Bell, D. B and W, D.
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broadcast spread on pastures and hay land within the lllincis River Watershed, and is noi
incorporated infe the soil surface by tilling. A photograph illustrating the typical waste
disposal practice within the illinois River Watershed is provided in Fig 3. This method of
disposal creales a circumstance in which the poultry waste is susceptible to being carried
by runoff from the fields in which if has been disposed lo waterways within the Hlinois River
Watershed.

10. Waste generated by poultry within the lllinois River Watershed has been applied

negar to where it is generated. Information regarding land disposal of pouliry waste in

Oklahoma and the localion of poultry operations in Oklahoma mainlained by ihe Oklahoma

Department of Agriculture, Food and Forestry (ODAFF) was reviewed for the purpose of
determining the refationship between the locations of poultry waste sources (poultry

houses) and locations of poullry waste {and disposal. Data for this purpose was abstracted

direclly from primary records.®® Records were independenily enfered in duplicate and

canflicts between records were resolved by reference to the primary documents. The

relational database structure developed by ODAFF for data peraining to land disposal of
poultry waste, and the registration of pauliry operations was used as the backbone for the
analysis. The dala analyzed comprised bolh records related to the disposal of pouttry
viasle by pouliry waste applicators {waste applicator records) and records related to the

disposal of pouliry wasle by individual growers {grower application records). The records

maintained by ODAFF do not, of course, record any instances of poullry waste disposal

that were not reported to ODAFF'®, and do not reflect any waste disposed in Arkansas.

All records considered in lhe analysis had the follewing attributes: {1) a legal descriplion
(Section - Township ~ Range) of the waste source location was available, {2} a legal

Weaver. 2002. Chicken, Meat and Egg Production, 5lh Edgition. Kluwear Academic Publishers,
Worwell, Massachusetts, PI-Fisher00005909-P1-Fisher00007209); Wilson, W. 0. 1974, Housing. Pp
218-247, in: Hanke, 0. A, J. L. Siknner and J. H. Florea {eds.), Amarican Pouftry History 1823-1973.
American Printing and Publishing, Madiscn, Wisconsin [Pl-FisherQ0008 114 - PI-FisherD0008505),
69 Pi-FisherGi027438-00031831.
70 Although some waste application reconds from as early as 1698 are presant in tha DDAFF database, filing
of wasle appfication reports was rot mandatory until 2001.
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description {(Section - Township — Range) of the waste disposal location was available, (3)
a date of application was available, and; {4) the amount of waste applied was available and
given in units of tons.” Priorto the application of the foregoing selection critena there were
a total of 1,280 grower application records, and 3,484 waste applicalor records. Application
of the selection criteria reduced the number of records considered to 910 grower
applicalion records and 2,257 waste applicator records (a totat of 3,207 records). The
selected records were from the time pericd 1998-20086, with ihe bulk {~85%) of the records
from the period 2001-2004. The dislances between waste sources and the wasle disposal
sites were eslimated by calculating the distances befween the centroids (as calculated by
ArcView and expressed in UTM coordinates) of ihe lepal descriplions for paired source and
disposal locations. This analysis does not include any instances of pouftry waste disposal
thatwere not reported {o ODAFF and is limited to those waste disposal reporis that fulfilled
the selection criteria for this analysis.

The overwhelming majority of poultry waste was disposed near where it was generated.
For the data set as a whole, approximately 30% of the wasle generated was land disposed
in the same square mile within which it was generated, approximately 60% of the waste
was land disposed within two miles and 80% was [and disposed wilhin 5 miles {see Fig. 4)
of where it was generated. Likewise, considering only wastes generated within the lllinois
River Watershed™, the overwhelming majority of waste was disposed near where it was
generated. Forthe lllinois River Watershed, however, lhere exists a greater localization of
waste disposal. Approximately 30% of the waste generated was fand disposed within the
same square mile within which it was generated, approximately 67.5% of lhe waste was

land disposed within two miles of where if was generated and approximately 80% was land

71 A fimited number of records were excluded because the amount of waste disposed was reported in unils
that, given the informaticn avattable, could not be reliably converied io lons {e.g. gallons, truck foads,
etc).

72 For the purpose of lhis discussion, Lhe liinois River Watershed is considared to be afl Public Land Survey
sections (i.e. alt Section ~ Township — Ranga fegal descriptions) that are either completely within Lhe
watershed boundary of the llincis River Watershed (inside) and all sections inlercepled by Lhe
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disposed wiihin 3.6 miles (see Fig. 5).

Review of nutrient management plans produced by Defendants’™ demonstrated that the
spatial pattern of wasle disposal in the Arkansas portion of the llinois River Watershed was
similar ta that described above for the Oklahema portion of the lilinois River Watershed.
Defendants’ nuirient management plans all contemplated disposal of pouliry waste wilhin
two miles ar less from its point of generation.” Review of invesligator records which

tracked wasle disposal trucks from farms where poultry waste had been generated 1o

watershed boundary and all sections immediately configuous to sections inlercepied by the watershed
boundany or completely within the watershed boundary.

73 TSN183B1SOK-TSN13550K; TSNZO62050K-TSN20S40S0K; TSH20598S0K-TSN2062050K;
TSN2G56950K-TSN2055550K; TSH20551S50K-TSH2056850K; TSN2053850K- TSH2055650K;

TSN1883550K-TSHN18B4650K;
TESM20517SOK-TSNZ2052850K;
TSNZQ4B050K-TSN2O50AS0K;
TSN2041750H-TSN2042550K;
TSN15847S0K-TSHN18B7450K;
TSN2038150K-TSHZ040250K;
TSN1928450K-TSN1820430K;
TSN2043 1 50K-TSN204 54 50K
TSNZ0Z5250K-TSN2026450H;
TSN20051S0K-TSN20DB7S0K;
TSN91G7S0K-TSN1G22250K;
TSMZ033650K-TSH2034650K;
TSN1867250K-TSMN1968250K;
TSHA87G1S0K-TSH1BE0150K;
TSH1970ES0K-TSNIGTTES0K;
TSH18TITSOK-TSH19T8350K;
TEN1855450K- TSH1858850K;
TSH18667S0K-TSN1868650K;

TEM 19241 S0K-TSN1825750K;
TSMN2050450K-TSH2051650K;
TENZQ45550K-TSHN2046950K;
TSMH1909850K-TSN18127S0K;
TSHN1387550K-TSN1885550K;
TESMZ0372S0K-TSN2G38050K;
TSN20300S0K-TSH2033550K;
TSH1880450K-TSN18B1750K;
TSNZ0118S0K-TSNZ017050K;
TSH1899350K-TSN2005050K;
TSNZ2(1B6S0K-TSNZ2021650K;
TEH18819501K-TSN18R3550K;
TSN1892980K-TSN1831850K;
TSMOTIBES0K-TSHNOTAD1SOK;
TSH1872850K-TSN18T7E50K;
TSN1915250K-TSH121B550K,;
TEN1894450K-TSH1B35650K;
TSN1B977SOK-TSN1800550K;

TSM18T4GS0K-TSH1B75TS0K;
TSNZ047050K-TSH2050350K;
TSN1558550K-TSN1S70830K;
TSN2040350K-TSN2041650K;
TSH19Z78S0K-TSN1929350K;
TSMN19294S0K-TSN1830850K;
TEN2042850K-TSN20454 50K
TEN2017150K-TSN2026450K;
TEN20088S0K-TSNZ01 1 TS0K;
TSH1590050K-TSN1900850K;
TSH1988650K-TSMN18BE550K;
TSN1883850K-TSH1850350K;
TSH1893050K-TSH1854350K;
TEN1912850K-TSH1315150K;
TSHER7{1650K-TSH1873550K;
TSMN1EGETSOK-TSN18715580K;
TSH1B66150K-TSMN186BE50K;
TSH18947850K- TSN 1948580,

TSH18531 S0K-TSN1862350K; TSNSEHE2S0K-TSN5938550K, TSNS1B0450K-TSNG182250K;
TSRGM1TES0K-TSNGM 9250K; TSNG2084SOK-TSNG2030S0OK: TSHEDSD250K-0TSNB180350K;
TSNGOETISOK-TSNGET1150K; TSH115069S0CK-TSHN115081 S0 TEN115092S0K-
TENI1S511250K; TSNIt5113S0I-TSN11511320K; TSMNG1B7850K-TSNG188850K;
TSNG152850K-TENG 1537 S0K; TSNE07S6SOK-TSNE0TTOSOK, TSHATS40SOK-TSNATES650K;
TENE003I0SCK-TSNSMMESOK; TSNEI001SOK-TSNSI1650K, TSNEDS0ASOK-TSNEIS07SOK;
TSNTZO21SOK-TSN7203250K; FFIRWP-01058-FFIRWP-01D37, BPFIRWP-000185-PFIRWP-
000185; FFIRWP-000703-PFIRWP-001427; PFIRWP-00031 7-PFIRWP-000330; PFIRWP-000383-
PFIEWP-000383, PRIRVAP-000333-PFIRWP-000346; PFIRWP-080344-PFIRWP-050377; PFIRWP-
000690-PHRWP-000702; PFIRWP-000459-PRHREWP-000451; PFIRWP-000489-PFIRWP-000515;
PFIRWP-000565-PFIRWP-000533; PFIRWP-0001 08-PFIRWP-0801 13; PFIRWP-024980-FPRIRWP-
024983, GE4030-GE4046; GET055-GETOTE, GEIMDE5-GEI4001; GE3I4203-GE34245; GE2357-
GE2351; GEM003-GE34013; GE34147-GE34163; Cal-Maine East Fam; Caltains West-East appl
Sites; Cal-Maine West-East Farms IRW, Dick Lalta SunBest Farm,; Dick Latla SunBest Farm appl
sites 2; CM-OOO003160-CM-000003204; CM-000002945-CAD00S03132.
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poullry waste disposal sifes showed that in 80% of the operations observed in Arkansas
and Cklahoma, poultry waste was hauled no more than 3 miles, and was never hauled

more than 15 miles from its source.”

There are ne official records regarding poultry waste disposal for Arkansas that are
equivalent to those available for Cklahoma, and those official Arkansas records that do
exist lack the geographic specificity and temparal scope to replicate the Oklahoma waste
disposal contiguity calculation. Nonetheless, all of the information that pertains to industry
practices in general, and specifically to practices within the Arkansas porticn of lhe lllinois
River Watershed demonstrates that disposal practices in the Arkansas poriion of 1he
walershed are (and would be sxpecled to be) similar to those practiced in the Oklahema
portion of the lllincis River Watershed. As a general premise it is commeonly known that, “in
many areas, manure is rarely transporied more than 10 miles from where it Is produced.
As a result manure is oflen applied {o soils that already have sufficient nutrients to support
crop growlh.""® Deposition testimony” and academic research’®indicates that there is no
structural or technical reason that waste disposal practices in the Arkansas portion of the
linois River Watershed should materially differ from those .practiced in the Cklahoma
porficn of the !linois River Walershed {i.e. poullry waste will be disposed close to where it
is generated). With respact to the lllinois River Walershed in paricular, BMPs, Inc in their
final report to EPA in 2007™ indicated hat poultry waste within the IRW has been land

T4 thid.

75 OK-PL-0004334 — 00058963, Pl-Fisher 0002547 1 — 00025547, PI-Fisherl0027362-Pl-Fisher0 0027368

76 Sharpley, ANMN., S. Hemon, and T. Danisi. 2007, Overcoming lhe challengss of phosphorus-based
management in poullry farming. Joumat of Soil and Water Conservation 62(5):375-389.

77 Qeposition of Michas! Langley, November ¥, 2007, page 24 lines 6-18; page 26 lings 2-19; Deposition of
Barl Snyder, November 8, 2007, pags 10 line 1-11; page 18 ling 17-ine 25; pags 20 line 1.;

78 Rutherford, A. L 1983. Adescripiive analysis of the poultry litter indusiry in Washinglon County, Arkansas.
M.5. Thesis, University of Arkansas. (Pl-Fisherl007926- PE-FisherD000B048); Buchberger, £ 1894,
An Economic and Environmenlal Anatysis of Land Application of Poultry Litter e Northnsest Arkansas.
M. 8. Thesis, Universily of Arkansas (PI-Fisherd0007263 - PI-Fisher00007370); Moore, P.A Jr, T.C.
Danial, AN. Sharpley, and C.W. Woed. 1998, Poultry Manure Management,{Chapler 3)in: Robedt J.
Wiight, W.D. Kemper, P.D. Millner, JF. Power, and B.F. Korcak, eds. Agricultural Uses of Municipal,
Animal, and Industial Byproducts. 11.5. Depariment of Agricuiture, Agriculturat Ressarch Service,
Conservation Research Repor 44, pp 60-77 (PFFisherD0004534-Pl-Fisher00004551).

78 BMPs Inc. 2007. Final Report Pouftry Litter Transpori from Nutrient Limited Watersheds in Northwest
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applied in large quantities leading 1o potential to impact water quality. The BMPs Inc.
proposal for transpert of a small portion of lhe poullry waste ocut of the llinois River
Waltershed was built on this premise. The USDA puhlished that & significant parl of the
waler quality problems in ke lllincis River Watershed ware {he resuli of the large amount of
pouliry waste generated and disposed within the watershed.®® Non-point source modeling
work conducted in the llincis River Watershed found that 2 maximum poultry wasie
transport distance of B000m (approximately five {5) miles) from poultry houses in the llinois
river Watershed provided the best ohserved fit between estimated soil test phosphorus
and observed soil test phosphorus.® Data oblained from the Arkansas Soil and Water
Conservation Commissicn show that substantial amounts of poultry waste were applied in
the llinois River Watershed during the period 2004-2007 (see Table 7). ¥ Lastly, ihe
Defendant's own expers assumed all poullry waste produced in {he lllincis River
Watershed was land applied within the lilinois River Watershed.®

Table 7.
Arkansas Soil and Water Conservation Commission Estimata of
Poufiry Wasle Land Applisd [r tha Hlinois River Watershad
(ali data in lons)

Year
Counly 24 2005 2006 | - 2007
Healon 11.440 7.925 5,835.75 36,180
Washington 24,457 18,268 20,002 30,00

11. Poultry waste has been widely disposed on pasture and grasslands within the

Arkansas. :

BO USDA SCS and FS. 1882, Llinois River Cooperalive River Basin Resource Base Report.

8% Storm, D.E., G.J. Sabbagh, N.5. Gregory, M.D. Smalzn, D. Teelz, D.R. Bade, C.T. Haan, T. Komacki.
1006, Basin-Wide Poliution inventory for the lilEneis River Comprehensive Basin Managemant
Program. Oklahoma State University. Submilied o the Oklahoma Caonservation Commission for the
US EPA | Finzl Report.

82 Arkansas Soil and Water Conservation Commission District Reports for Washington and Benton County,
Arkansas 2004-2007.

83 Rausser, G And M. Dicks. 2008, Declaretion of Dr. Gordon Rausser and D, Michas] Dicks in Opposition
lo Plaintiffs Motion for Prefiminary Injunction.
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lllinois River Watershed. ODAFF records®, nutrient management plans in Defendants’

discovery documents®® , and investigator notes® demonstrate that poultry waste has been
applied on paslure and grasslands throughout both the Cklahoma and Arkansas poriions of
the lllinois River Walershed. Shown in Fig. 6 are Public Land Survey sections in which
pouliry waste is known to have been disposed wilhin the llinois River Watershed based on
CDAFF records, investigator repaorts and discovery documents. This map demonstrates
that pouliry waste disposal is widespread throughout grasstand and pasiure areas wiihin
the lNinois River Waiershed.

B4 PI-Fisher00027498-00031831.
BS TSM1DIB1SOK-TSN1MISS0K, TSH20629S0K-TSN20684050K, TSN20598S0K-TSN2062850K;
TSH2056950K-TSN2059530K; TESN2056150K-TSNZ058850K; TSN2053B50K- TSN2055650K;

TSH1983550K-TSN1984650K;
TSH20517SOK-TSN2052350K;
TEN20480S0K-TSN2050350K;
TEMN20417S0K-TSN2042550K;
TSN1984750K-TSN1387450K;
TSN2038130K-TSH2040250K;
TSN1929450K-TSH1828450K;
TSN20433 SOK-TSN20454 50K,
TEN2025250K-TSN2026450K;
TSHZB5150K-TSH20087S0K;
TS S7SOK-TSHN1822250K;
TSM2033650K-TSN2034850K;
TSM1867250K-TSN1968250K;
TSH1879150K-TSN18301 S0K;
TSM1S709S0K-TSN197T7650K;
TSN1S777S0K-TSN19783S0K;
TEN 18554 50K-TSN1858950K;
TONTBE6TSOK-TSN1B686 50K,

TSN19241 50K-TSN1825750K;
TSNZ050450K-TSNZ051650K;
TSNZ045550K-TSN2046550K;
TSN19038S0K-TSMN13127S0K;
TSN19875S0K-TSN18EB550K;
TSM2037250K-TSN20380SOK;
TSNZD300S0K-TSN2G33550K;
TSN1980450K-TSN18B17S0K;
TSN2011880K-TSN2Q17050K;
TSMN1993AE0K-TSN200S0S0K;
TSN201BES0K-TSHN202 16S0K;
TSN1B81950K-TSN1883550K;
TSN1802950K-TSN1891850K;
TSNOVIBESIK-TSNO7401S0K;
TSN18T2650K-TEN197¥5S0K;
TEN1915250K-TSN1918950K;
TSN1884450K-TSN1895650K;
TSN18977S0K- TSN BI0550K,

TSN1674850K-TSN1875730K,
TSM20470SOK-TSNZ050350K,;
TSM1868550K-TSN1870BSOK,
TSN2040350K-TSN2041650K,
TSN1527850K-TSN182B350K;
TSN18294S0K-TSN183I850K,;
TSNZ042550K-TSNZ2045450K;
TSN20171S0K-TSN2025450K;
TSN2O088S0K-TSNZ0117 50K,
TSN1B20050K-TSHN1900850K;
TSN19B86SOK-TSN1088550K;
TSN1883650K-TSH1880380K;
TSN 1E530S0K-TSN1B94350K;
TSN1912850K-TSN1815180K;
TSH1871550K-TSH1872050K;
TSN1BESTSOK-TSH1B7T1550K;
TSM 18661 S0K-TSN1BEBESOK;
TSN1847350K-TSN1948550K;

TSH1959150K-TSN19623S0K; TSHEIS62SOK-TSNELOE5S0K; TSNG1804SCI-TSHNE182250K;
TSHEMTESOK-TSNED10250K; TSNG2084S0K-TSNE2090S0K; TSNE050250K-0TSNE1601IS0OK;
TSHEETESOK-TSNEDT11SOK; TSM115065950K-TSN{ 15091 30K; TSH11509280K-
TSH{1511280K; TSMN{156113S0K-TSN11511320K; TSNE1878S0K-TSHNE1B88S0K;
TENG152ESOK-TSNE1537S0K; TSNED?SES0K-TSNEOTTOSOK; TSNA794050K-TSNATOSES0IK:
TSHE0D3I0SOK-TSNEOIMES0 K, TSNEBI01SOK-TSHN53HESOK; TSNEA50ISOK-TSHENS07TSOK;
TSNT202150K-TSNT203250K; PFIRWP-01058-PFIRWP-01097, PFIRWP-D0C1B5-PFIRWP-
000195, PFIRWP-000703-PFIRWP-001427, PFIRWP-0003 17-PFIRWP-000320; PFIRWP-000383-
PFIRWP-000283; PFIRWP-000333-PRIRWP-000348, PFIRWP-060344-PRIRWP-08037T; PFIRWP-
000890-PFIRWP-000702; PRIRWP-000459-PFIRWP-000451; PFIRWP-000485-PFIRWP-000515:
PFIRWP-000565-PFIRVWP-000588; PFIRWP-Q00 08-PFIRWP-000113; PFIRWP-024950-PFIRWP-
024983, GE403-GE4046; GETIS5-GEFOTE, GEI4055-GEI4081; GEIMZ09-GE34245; GE2357-
GE2351; GE34003-GE34013; GEA4147-5E34163; Cal-Walne East Fam; Cal-haine West-East app!
Siles; Cal-Maine West-East Farms IRW, Dick Latta SunBest Farm; Dick Latla SunBest Farm appl
sfles 2; CM-000003160-CM-000003204; CM-DOOD02045-CM000003132,
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12. Poultry waste generated by poultry within the lllincis River Watershed is

dispogsed year-round, but is dominantly disposed from late winter through spring.

The same dala used for computation of the distance between points of waste generation
and poinis of waste disposal was used to determine the timing of waste disposal within the
IHinois River Watershed. Analysis of these data demonstrated that the principal period
during which poultry waste is land disposed within the lllinois River Walershed extends over
five manths from February through June. Based on disposal records from 1995 through
2004, approximately 63.4% of the pouliry waste land disposed within the ilinois River
Watershed is disposed during this pericd (see Fig. 7). This period of intensive poultry
waste disposat coincides wilh the period during which most rain fails and most runoff
events occurwithin the lliinois River Watershed. As a consequence, this practice of poultry
wasle disposal produces a circumstance in which disposed poultry waste is more likely to
runoff fields shorlly after it is disposed, and before it has an opporiunity 1o become

incorporated in surface soil.

13. All Defendants have disposed of poultry waste within the Hlinois River

Watershed. ODAFF records showed that all Defendants have disposed of poultry waste
within lhe lilinols River Walershed. A summary of this analysis is presented in Table 8. In
ihis analysis, Ihe iocations of origin and disposal of waste are calegorized as being culside
the Hlinois River Watershed, inside the IHinois River Watershed, on the lllinois River
Waltershed boundary, and not given. These data demonstrate that each of the Defendants
have disposed of waste within the watershed boundary of lhe lilincis River Watershed.
Some of the defendants {Cobb-Vaniress [Tyson], George's, Petersons and Tysan) have
actually imported waste to the lilingis River Watershed, that is wasle generated outside of
the Hiinois River Watershed boundary has been disposed within the iliinois River
Watershed.

85 OK-PL-0004334 - D0O585963; PL-Fisher0025471 — D0025547.
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The Oklahoma portien of the Iliinois River Watershed, according to the ODAFF records,
experienced a nel imporalion of poullry wasles. As summarized below, the ODAFF
recards show that a total of 98,054 tons of pouttry waste originated completely within the
Oklahoma portion of the llinois River Watershed, but a total of 30,953 tons of poullry waste
that originated outside of the Cklahoma portion of Lhe illinois River Watershed were
disposed wilhin the Cklahoma partion of the {llinois River Watersied, while 12,6086 tons that
originated entirely wilhin lhe Oklahoma poriion of the Minois River Watershed were
disposed oulside the Oklahoma poition of the lllincis River Watershed. As consequence, a
iotal of 116,401 tons were disposed enfirely wilhin the Oklahoma portion of the fllincis River
Watershed, or about 18.7% more poultry waste was disposed entirely within the Oklahoema
portion of the lliinois River Watershed that was generated entirely within the Oklahoma
portion of the Iliinois River Watershed. Again, Ihe ODAFF dala analyzed are only lhose
records that fulfilled the selection criteria {see above). The records maintained by ODAFF
do not, of course, record any instances of pouilry waste disposal that were notreported to

ODAFF, and do not reflect any waste disposed in Arkansas.
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Table 8. Localion of Waste Gereration and Location of Waste Disposal by Defendanis
Localion of Wasta IHaposal
Lacation Barder fnsida Outsids
ILLIKOIS | ILLINGIS | WLNOIS
Defendant w of | RIVER RIVER RIVER
aste Generatlon Hol Given [WATERSHED[WATERSHED|WATERSHED]  Totat
{tans} {tons} {tons} {lons) {tons)
Hot Given o 0 0 146 145
Avissen Insidz ILLINOIS RIYER WATERSHED | 360 2 110 0 90
9 Bomer ILLINGIS RIVER WATERSHED o 5 0 0 0
Outsida 8UINOIS RIVER WATERSEED] 0 o o 2559 2559
Not Given a 0 o o 0
. tnskfe ALINGIS RIVER WATERSHED 89 q 3327 752 1188
Caktaine Foods Eorder ILLINDIS RIVER WATERSHED 5 o o o 0
Dutsids ILUNGIS RIVER WATERSHED 0 0 0 g 0
Not Grven 583 0 1472 a 2055
Carai Insids ILLINGIS RIYER WATERSHED o o 066 30 3098
g Bordar KLINGIS RIVER WATERSHED 0 5777 B 714 5401
Cubside 11INDIS RIVER WATERSHED] | @ 2784 0 B16 3400
Hot Given 7032 752 10752 43181 51768
Inside ALINCIS RIVER WATERSHED | 364 478 3737 535 33134
! i
Cobb-Vantress {Tyson} 1 ser LLINOIS AVER WATERSHED 0 374D 1723 1827 7068
Dulsida ILLINDIS RIVER WATERSHED] 1882 3336 3740 52078 70016
Hal Given 315 o o D 415
s Inc insda ILLINGIS RIVER WATERSHED 0 P 3165 o 3165
Gaorg Porder LLINGIS RIVER WATERSHED o 0% 45 109 1249
Ouftide LLIHOIS RIVER WATERSHED 0 70 114 384
HoLGiven 7778 %0 240 1056 3164
Inside ILLIHOIS RIYER WATERSHED o 1281 2053 £33 2873
Poterson Farms Border ILLINOIS AIVER WATERSHED o 5118 o 1679 6780
Dutsidz ILLINOIS RIVER WATERSHED] | 300 1043 180 10277 11801
Mol Given 945 405 4544 2238 8882
insida [11H0I5 RIVER WATERSHED | 184 2733 16103 i5i2 26332
d
Simmans Foods Border LLINGIS RIVER WATERSHEDR | 218 4801 635 384 6720
Outsida ILLINGIS RIVER WATERSHED] 579 748 35859 20442 34380
Hol Givers 77 73z 2305 2570 5523
Tvson Fonds inside ILLINGIS RIVER WATERSHED | 147 2404 23578 420 26519
¥ Border [LLINCHS AIVER WATERSHED | 300 Frer i 2327 7113
Outsice LLINOIS RIVER Y/ATERSHED| 66 1258 515 17920 19759
Not Given o 24 345 o 3638
Inside [LLINCXS RIVER WATERSHED [ 548 o 1120 1768
|
Villow Brook Foads i er TLNGIS RIVER WATERSHED 0 1194 5a7 2400 4531
Outeida HLINDIS RIVER WATERSHED 0 D 0 o o
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14. Themass of poultry waste generated within the [llinois River Watershed but

disposed of outside the watershed is a minority of the waste generated
within the lllincis River Watershed. A conservalive estimate of the amount of

poultry waste generated within the lliinois River Watershed is 354,000 tonsfyear
{see above}. In the recent past, a non-profit enlity, BMPs, Inc., established as a
result of the settiement agreement in Tulsa v Tyson ef al.%, has been engaged in
hauling poultry waste from peinls within the lliinois River Watershed to locations
outside the IHinois River Watershed. BMPs, inc's documents show that BMPs, inc.
began hauling poullry waste from the lllingis River Watershed in 2004. In 2006,
BMPs, Inc. reports hauling just Jess than 60,000 tons of poullry waste from the
llingis River Watershed. Georges’ records indicate the first year in which they
hauled pouliry waste out of the Hilincis River Walershed was 2003, -and the peak
hauling year for George's was 2005 in which they hauled a total of 11,406.30 tons
of poultry waste form the Iinois River Watershed.®® The amount of poultry waste
hauvled by BMPs, Inc. and Geecrge's from Lhe lilinois River Watershed during the
period 2003-2008 is given in Table 8. Given the conservalive estimale of pouliry
waste produced within the lllinois River Watershed of about 354,000 tonsfyear, in
lhe peak year of 2006, no more than 19.5% of the totat amount of poultry waste
generaled was hauled from the Hlinois River Watershed. For the period of record
(2003-2008) no more than about 8.8% of the {otal waste generated was hauled
from the llinois River Watershed.

&7 Order Approving Setllement Agreement, Vacating Qrder of March 14, 2003, and Administratively Closing
Case. Cily of Tulsa and Tulsa Melropolitan Utility Autherity v Tyson Foods, Inc. et al., Casa No. 01 GV
0S0DEA(C} in the United States District Court for the Northem District of Cilahoma, July 16, 2003,

B8 GE(0V/2/C7]00263, GE{07/2/07]00265, GE[07/2/07]00267, GE[07/2/07]00268, GE[07/2/07]00339.
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Table 8.

Tons of Poultry Yaste Hauled from the ilincis River Walershed lo Locations Outside the lliinois River
Watershed by BMPs, Inc. and George's (2003-2006)

Year 2003 2004 2005 2006 TOTAL
BMPs, Inc. Tens 0.00 G05.686 | 14,703.57 | 59,736.56 ] 75426.01
George's Tons | B677.60 | 11,406.30 | 1965113 | B9,28245: 4521748
TOTAL Tons | 8,877.60 § 1231248 | 34,4247 | 60,010.04 | 1,246.43.50
% of Poultry Waste Produced that =
was Hauled 2.51% 3.48% 9.73% 19.50% i.80%

15. Defendants' feed formulas show that Defendants add chemical compounds,

including compounds contajning phosphorous, and metals [sodium, potassium,

calcium, copper, zing, arsenic and selenium). Pouliry diets contain numerous chemical

elements, including phosphorous, copper and zinc and arsenic.®® Moreover, standard
reference diets for chicks are specifically formulated using chemical compounds centaining

phosphorous, copper and zinc.*™

The feed formuiations® used by Tyson, Simmons, Peterson, Cargill, George's and Cal-
Maine demonsirate that the Defendani’s design and conirol the composiiion of feed
provided to their poultry. In general, the feed formulations specified by lhe Defendants are
dominantly comprised of com and soybean meal, bui frequently contain appreciable
quantilies of other grains andfor grain processing wastes as well as pouliry by-praduct
meal,¥ feather meal, meat and bone meal, animal! fal (including poullry fat), and various
organic nutrients, including vitamins and amine acids. Inneariy all cases, Defendanls’ feed
formulations specify the addition of numerous chemicals {olher than the materials specified
in the foregoing list). The chemical compounds added fo feeds by Tyson, Stimmons,

89 See Chapters 1, 2 and 3, Nafionzl Research Council, 1894, Mutrient Requirements of Poultry 9th Revised
Edition, MNationat Academy Press, 155 pp.

80 See Chapter 10, Standard Reference Diets for Chicks, Mational Research Council. 1934, Nutrent
Requirements of Poultry Bth Revised Edition, Nalional Academy Press, 153 pp.

&1 CHD03472 - CMO03581; CARTPOOTI5Z - CARTPO10833; BF 34777 — GE 35008, GE 35127 - GE 35138;
GE 36091 — GE 38458; PFIRWP-063697 - PFIRWP-064049; SIM AG 31785 SIM AG 32150;
TSHOOOINCFF — TSNOSTOMNCFF; TSHOOD1SCFF — TSNOS355CFF,

82 Poulley byproduct mezl is madz by ginding the rendered pars of poullry carcasses (see
http:ffen wikipedia. profwikifChicken_by-product_meat).
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Peterson, Cargili, George’s and Cal-Maine Include: calcium phosphates, calcium
carbonate, calcium jodate, sodium chleride, manganese oxide, iron sulfate, potassium
sulfate, zing oxide, zinc propionate, copper chioride, copper sulfate, arsenic in the farm of
}nitn%‘ﬁydrnxyphenylarsanic acid (afk/a Roxarsone)™, sefenium, molybdenum, lrace

minerals, vitamins and numerous antibiotic compounds.®*

1B6. Because of the addition of compounds contzining phosphoreus and metals

including sodium. potassium, caleium, copper, zinc and arsenic), peultry waste
contains high levels of nutrients, including phosphorous, and metals {including

sodium, potassium, calcium, copper, zinc and arsenicl. Analytical data for the twenly-
five {25) samples of poultry waste cbiained by CDM are presented in Table 10. As would

be expected from the composition of pouliry feed, these wasies display a high fevel of
calcium {average = 27,869.40 mg/Kg) due lo the addition of crushed limesione and other
calcium compounds to pouliry feed mixtures, a high fevel of potassium {average =
22.741.76 mg/Kg}) consisient with the addition of pelassium salls 1o poullry feed, a high
level of total phosphorous {average = 15,183.44 mo/Kg) consistent with addition of calcium
phosphale salts, bone and blood meal and poultry byproduct meal to poultry feed, & high
level of sodium {average = 5,971.42 mg/Kg) consistent wilh the addition of salt {NaCl) to
pouliry feed, and high levels of copper {average= 323.89 mg/Kg) and zinc (average=
379.04 mg/Kg}, both consistent with the addition of copper sulfate andfor copper chioride
and zinc propionate and, possibly olher zinc salts in the form of compositionally unspecified
“trace minerals”, to poultry feeds. In addition, & high level of arsenic was present (average
= 156,14 mgfKg) consistent with lhe addition of 3-nitro-4-hydroxyphenylarsonic acid {a/kfa
HRoxarsone) o poultry feeds.

93 PFIRWP-084360-PFIRWP-064363.

84 CMO03472 - CMO03581; CARTPODTO82 - CARTPO10833; GE 34777 — GE 35008; GE 35127 - BE35138;
GE 36091 — GE 36458, PFIRWP-053657 - PFIRWP-064042; SiM AG 31786- SIM AG 32150;
TSMNOMHMNCFF - TSNOSTOMCFF, TSNOUO1SCFF - TSNO5365CFF; 30(B)(6) Deposilion of Chester
Wiamusz, Augusl 20, 2007; page 17, kine 8-8; page 18, lines 14-23; paga 27 line B-10.
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Poultry have low body retention of race elements. For example, poullry retain only about

6% cof the Cu and Zn that they are fed. This low body retention is mainly ascribed to the

relatively high dietary intakes of trace elemenlts because poultry diets contain trace

elements far in excess of dietary requiremeants.®® I is not surprising, therefore, that the

Page 37 of 97

Table 10,

Summary Stalistics for the Composilion of 25 Samples of Poutiry Waste Collecled by COM™

Parametar Unils | Obs, | HD Kax Q3 Hadian Average Std. Ce. L3 Kin
Moisture b 25 a TO.60 2131 18840 2073 14,143 13,70 5.28
Crganic Matizr % 25 a 87.00 T1.00 T4.50 T2.44 13311 63.00 40.60
Total Caloum | mgfg 25 0 {69B800.00 | 3110000 | 2850000 | 2786940 | 12095758 | 18,760.00 B, 0300
Hiftrogen Total (Inorganie + Organic) | maKg 25 g } 335000 3590004 320000 | 2502160 | 13249725 12 80000 235000
Totsl Potassum | molig 25 0 1 37 E000 X1.700.00 2300000 | 2274175 B. Y74 EST 20.300.00 1,474 00
Tolal P (020} § mgfiy 25 0 § 2370000 18,B00.60 16,8000 15 183 44 5 554,104 $0.505.00 4 456.00
Phosphorus (M2hich 3] § mo¥a 25 [¢] 13,120.00 5490.00 3. 7E0.D0 4 447 28 2,911 850 2.347.00 35200
Phesphonus (Watar Sokubie)] | mgHg 25 1] 4 BEO.OO 1,HB00 64504 117312 1,004 835 500,60 T
Total Sedwm | mo¥g | 25 o | $1.200.800 6.840.00 581004 5971.42 2511 238 4,950.00 75 60
Tetzl Magnesium | ma'ky 25 o 6, B4 0. 00 6.030.40 527003 5009.28 1,365.324 4,150.00 2,930.040
Suifatz (Watzr Sohuble) | mo¥g | 25 1 703000 405000 3,050 00 3002 | 1872857 1,520.00 10.00
Chioride (Waler Sohuley | mgMg | 25 1 5,B70.00 332000 278004 279824 | 1LE0026T 1.680.00 50.00
Tolat Alumenom | mgKg | 25 2 9.140.00 1. 78000 55500 £ 58055 2,054 09 500.00 150.00
Ammenfum (Water Schuple) | makg | 25 1 8,280 00 2.380.00 RN 158264 | 1.644.135 441.00 5.00
Total fron | ma'o 25 1] §,160.00 1,210.00 BTE DO 1,140.64 1.253.8663 450.0H 27200
Total Mangersss | mgKg 25 1] 851.60 62300 59104 55816 107264 A24 00 23200
Total Zinc | mgwy 25 1] 552.00 47800 345.00 ars M 135273 287.00 9510
Fotal Copper | omgky 25 ] 448 GO 411.00 355.080 A23.63 H7.718 287.00 20.20
Tolal Barium §{ mgikg 25 [i] 164.00 5130 3280 41.54 28.99% 27.70 1220
Tolzl Arseréic | moSg 25 4 38.30 29.50 17.40 16.94 135643 245 050
Tolal Vanadum | mg¥g 25 i1 12500 a.67 500 14.73 28.270 4.62 251
Totz! Hakel | mgMg | 25 [i] 1520 12.50 10.30 10.25 3183 314 314

levels of frace elements such as Zn, Cu, and Mn in poultry waste are far in excess of crop

85 Van der Kfis, J. D. and P. A Kemme. 20{2. An appraisat of frace elemanis: Inorganic and organic
{Chapter 6) in: MciNab, J. M. and K. N. Boomman, eds.. Poultry Feedstulfs, Supply, Composition and

Mutritive Value. Poultry Science Symposium Series, Vol. 28., CABI Publishing, New York,

86 Sample iDs: Liter 3, Litter 4, Litter 2, Lilter 5, FAC 01A {(020206-Nomal 1), FAC 01B (020206-Normal 2},
FAC-06, FAC-04, FAC-05, FACY, FAC2, FAC-OV7, FAC-03, FAC-08, FACOB, FAC-10, LAL1-A-
Compest, FAC 1-C {020206-Cake), FAC-11, FAC-12-112007, FAC-12-112907, FAC-14, FAC-15,
FAC-16, FAC-1T.
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requirements, and disposal of these wastes on soils results in a build up of these trace

elements in the soil. %7

The chemical data obtained by COM for poullry wasle wilhin the Illinois River Watershed is
comparable te, and sialistically not differentiable from, analylical data for moisture, calcium,
total nilrogen, total potassium, total phosphorus and total water soluble phosphorus for
poultry waste samples obtained in support of nuirienl management plans prepared by the
Eucha/Spavinaw Watershed Management team (see Table 11).** These dala are alsc

simifar to published values for total elemental compositions of poultry waste.®

Tabla 11.
Summary Statistics for the Composition of 369 Samples of Poultry Waste from Animal Waste Anslyses Presented in
MNutrient Managamenl Plans Prepared by Lhe Eucha/Spaviarmy Walershed Managemenl Team (2005)

Parmmster Units Obs. Max Lo ] Madian Ffveraga § 5. Dew. at Ein
Klaistes % 3&4 7204 ar4n 27.70 64 12.35 23.54 120
Fotzl Carbon %% 33 TEH 3315 36 58 3554 a54 33569 374

Total Calgum maKg F23 P ITATTAFT | 4720842 § 35141011 | 43,7560 | 33,946,303 | 3002750 | 11,270.90

Tetzl Hitrngan mgKg 368 | 10774300 | 47.021.2% T 41932407 [ 40793 F1 | QO0AT 00 | 34.483.40 | 2,402.48

Tetal Palasshm maikg 363 f ZVOL59.50 | 3606310 | 2355065 | M15901 ] 3443707 | 20.495.32 | 1232285

Talzl Fhosphorus mafkg 365 5165403 | 2457143 1 21 05782 | 21 Ac6 Q7 | 562095 | 18,050.61 B.21524
Fhiosphoius [Watzt Solublz) mairg 36t 144B588 | 170097 { 122540 | 146826 °31.52 | 1,031.85 36530

17. The chemistry of catile diets differs from that of poultry diets. Caille diels differ
from pouliry diets. As a consequence, fecal wastes generaled by cattie would be expected

to differ chemically from fecal wastes generated by poultry.  For example, ihe
concentration of copper in beef catlle diets is 10 mg Cu/kg diet, while zinc in beef caille

97 Van der Klis, J. D. and P. A, Kemmea. 2002, An appraisal of race elements: Inorganic and organic
{Chapter8) in: MeNab, J. M. and K. N. Boarman, eds.. Poultry Feedshuifs, Supply, Composition and
Mulritive Value, Poultry Science Symposium Series, Vol. 26., CABI Publishing, New York.

98 PI-Fisherd(015544 through Pl-Fisher00025356 (also as ESWM 000001 through ESWM 008845).

88 Jackson, B. P, P. M. Berisch, M. L Cabrera, J. J. Camberalo, J. C. Seaman and C. W Wood. 2002,
Trace elament spacialion of paultry litler,. J. Environ. Qual. 32; 535-540. {PI-Fisherd0003652- PI-
FisherD00035857}.
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diets Is 30 mg Zn/kg. '™ The consequent Zn:Cu ratio in a beefcattle diat is 3:1. The ratic
of Zn {o Cu In callle waste samples collecled in the llinois River Watershed by CDM
ranged from4.237:1 to 8.801:1 with an average value of 6.102:1. In conirast, the analysis
of poultry feed cbtained by CDM'"' had a measured zinc concentration of 128 mg/fkg and a
measured copper concentration of 118 mg/kg or a Zn:Cu ratio of 1.076:1, a value very
different from those in beef cattle diels or in catlle waste, but quife similar fo the Zn:Cu ratic
of 1.317:1 for the average valves of Zn and Cu measured by CDM in pouliry wastes.

18. The chemical composition of poultry waste is distinctly different from the

chemical composition of cattle waste and waste water treatment plant effluent.

Crossplots of Total P, Toial Zn, Total Cu and Total As that compare poultry waste, caltle
waste and wasfewaler treatment plant effluent are provided in Fig 8. Caille wasie is
chemically distinguishable fram pouliry waste. Caltle waste contained substantially less (~
10 times less) Total P per unit mass than poultry waste, and coatained no detectable Total
As. Furiher, catlle waste contains much less Total Zn and Total Cu than paultry waste and
ihe ratio of Tolal Cu o Total Zn in catile waste is smaller than the ratio of Total Cu 1o Tolal
Zn found for poulfry waste. Wastewater lreatrﬁent plant effluent is also chemically
distinguishable from pouliry waste. Compared lo pouliry waste, wastewater treatment plant
efllvent is depleted in Zr, Cu and As with respectto P, and is depleted in Cu wilh respect to
Zn compared to poultry waste.

Data concerning lhe ratios Total Zn/Total P, Total Cuw/Total P, Total AsfTetal P and Total
Zn{Tolal Cu in poultry waste, cattle wasle and wastewaler Yreatment plant efifuent are

100 See Chapter 5, National Ressarch Councit , 2000. Wutrient Requirements of Beef Cattle: Saventh
Revised Edition: Update 2000, National Academy Press, 232 pp.

101 Sample 1D FAC 01-FEED.

102 Sample 1Ds: Litter 3, Litter 4, Lilter 2, Litter 5, FAC 014 {020208-Nomnat 1), FAC 018 [020206-Normal 2},
FAC-B5, FAC-04, FAC-05, FAC1, FACZ, FAC-D7, FAC-03, FAC-08, FACO9, FAC-10, LAL1-A-
Cempost, FAC 1-C {020208-Ceke}, FAC-11, FAG-12-113007, FAC-12-112907, FAC-14, FAC-15,
FAC-16, FAC-17, MAN-BC-200; MAN-BC-20F; MAN-BC-21D; MAN-8C-21F; MAN-BC-22D; MAN-
BC-22F, MAN-BC-230; MAN-BC-23F; MAN-BC-24D0; MAN-BC-24F; MAN-BG-20F; Lincoln WWTP-01
Mon-iiltered; Rogers WWTP Non-filered; Silom Springs VWWTP Non-filtered; Springdaia WWTP Hon-
filtered , Lincoln WWTP-01,
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given in Table 12. The ratio of Zn to P {Zn/P} in pouliry waste ranged belween 0.022:1 and
0.130:3 with an average value of 0.085:1. In comparison, the ratic of Zn 1o P in catile
wasle ranged from 0.002:1 10 0.007:1 with an average value of 0.004:1 while in wastewater
treatment plant effluent {unfiltered} the ralio of Zn tc P ranged from 0.000001:1 fo
0.000007:1 with an average value of 0.000004:1. Wilh respect to P then, on average, Zn
is approximately 22 imes more abundant in poultry waste than in catife waste and more
than 19,000 times more abundant in poultry wasle than in waslewaler freatment plant
effuent.

The ratio of Cu to P {Cu/P) in poultry waste ranged between 0.210:1 and 4.622:1 with an
average value of 3.370:1. In comparison, lhe ratic of Cu to P in catlle waste ranged from
0.022:1 to 0.039:1 with an average value of 0.029:1 while in wastewaler treatment plant
effluent {unfiltered) the ratio of Cu to P ranged from 0.000011:1 te 0.000045:1 with an
average value of 0.000022. Wiih respect ta P then, on average, Cu is approximately 115
times more abundani in poullry waste than in catiie wasie and more than 151,000 times
more abundant in poultry waste than in wastewaler freatment plant eflfuent.

The ralic af As to P {(As/P) in poultry waste ranged between 0.025:1 and 1.896:1 and had
an average value of 1.317:1. In comparisan, nc arsenic was delected in cattle wasle; while
in waslewater trealment plant efffuent (unfiltered) the raiio of As to P ranged from
0.000054:1 to 0.000063:1 with an average value of 0.000060:1. With respectto P then, As
is approximately 13,400 times more abundant in pouliry waste than in wasiewater
treatment plant effuent.

The ratio of Zn 1o Cu (ZnfCu) in poultry waste ranged between 0.893:1 and 4.757:1with an
average value of 1.317:1. In comparison, the ratio of Zn to Cu in catlie waste ranged from
4.237:1 to 8.801:1 with an average value of 8.102:1 while in wastewater Ireatment plant
effluent {unfillered) the ratio of Zn fo Cu ranged from 5.731:1 to 14.180:1 with an average
value of 9.762:1. With respect to Cu then, on average, Zn is approximately 4.6 times more
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abundant in pouliry waste than in catile waste and 7.4 times more abundant in poultry
wasle than in waslewater treatment plant efiluent.

Given these differences in chemical ratics, these wastes are distinctly different from one
anather, and these differences can be used to identify the presence of lhese wastes in

environmental samples.

Table 12.
Ratios of Total ZnfTotal P, Tatal CuTetal P, Telal AsfTotal P and Total ZniTotat Cu for Poultry Wasls,
Cattle Wasla and Waslewaler Treatment Plant Efuent {unfillered}
Totat Zn !/ Total Tetal Tetal ZaMotal
Total P CuwTotal P AsfTofal P Cu
Madmum 0130 4.662 1.808 4757
Q3 0.4G7 4.277 1.480 1.367
Mean 0.085 3.370 {3,788 1.317
Pouliny Wasie Median 0.085 3584 8861 1.115
21 0.064 2.988 121 1,034
Minimum 0.022 0210 {.025 .883
Maximum 0.007 {.038 | As not defedled 8.801
Q3 0.604 0.034 | Asnotdetediad 6.852
Hean 0.504 0,029 § As not deledled 68.102
Catlle Wasle Median 0.004 D028 | Asnot dalecled 5.855
] 0.003 0.024 | As notdeteded 5431
Hinimum 0.002 0.022 ; As nol delected 4237
Maximum 0.600087 0.0C0045 0000062 14,180
Wastewaler 23 0.000006 0000028 0.0G0062 12427
Treatment Plant Meap 0000004 0.00D022 0000060 8.762
Effiuent Median 0.000004 0.0G0017 0000060 §.563
a1 0.G0R003 0.0co0a11 0030058 G.897
Minimum 0.600001 0.00a011 0000054 573

19. Tha gecloqy of the Hlingis River Watershed produces a circumstance in which

both the surface and ground water within the lllinois River Watershed are highly

‘susceptible to pollution from the constituents of land applied poultry waste. The

Hiinois River Watershed conlains approximately 1,672 mi? {1,069,530 acres}, and lies within
the soulhwestern poriion (Springfield Plaleau) of the Ozark Uplifi physiographic province
within partions of Washington and Benton Counties in Arkansas and Delaware, Adair,
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Cherckee and Sequoyah Counties in Oklahoma. Approximalely 53% of the lllinois River
Watershed is in Oklashoma and lhe remaining 47% is in Arkansas."™ The Springfield
plateau is generally deeply dissected with rolling upland areas separated by V-shaped
stream valleys that range from 20 to 30 feet In depth.

As shown in Fig 9, the lilinois River arises in the Boslon Mountains of northwestern
Arkansas in Washington County. Fromils headwalers, it flows in a northerly and westerly
direction 1o its crossing of the Okiahoma/Arkansas border south of Siloam Springs in
Benton Country, Arkansas. From there, lhe lllinois continues westerly to its confuence with
Flint Creek in Delaware County, Oklahoma where it changes course to a southerly
direction. The lllinois is impounded by Tenkiller dam just north of its confluence with the
Arkansas River at Gore, Oklahoma. From its headwalers to iis confluence wilh the
Arkansas, {he lllinois flows approximately 162 miles.

Two of the primary {rbutaries fo the lllincis River also arise in the Ozark region of
Arkansas. Fiint Creek originates in Benton Country and flows generally westerly toward ils
confluence wiith the lilinois just south of Kansas, Cklahoma. Baron Fork Creek arises in
Washington County, Arkansas and flows southwesterly to its cenfiuence with the Iliincis
south of Tahlaquah, Oklahoma. The third major tributary to the 1Einois River, Caney Creek,
originates at Stilbvell, OK and flows generally southwesterly to its confluence with the
llingis in ihe norlhern portion of Lake Tenkiller.

Surface water movement within the lllincis River Watershed is confrolled by its underlying
geology. The major streams in the Ilinois River Watershed {lllincis River, Flint Creek, Baron
Fork and Caney Creek) have developed within geological faults and fractures.'™ As shown

103 Lyhane. T. E., 1987 Hydrelogic Investigation of the {liinois River. Technical Repert B7-3. Oklahoma YWater
Resources Board, Stream Water Division.

104 Adamskd, J. C., J. C. Peterson, D. A. Freiwald and . V. Davis. 1984, Envirenmenta! and hydrologic
selting of tha Ozark Plateaus Study Unit, Arkansas, ¥ansas, Missour, and Ollshoma, USGS WR: B4~
4022 ({Pi-Fishar}(002644 - PI-Fisherd0002718) ; Salisbury, D. O. and Davis, R. K 1937_ A
hydregeslogical and hydrochemical connection between the Decatur City Spring and Crysial Lake,

42




Case 4:05-cv-00329-GKF-PJC  Document 2201 Filed in USDC ND/OK on 06/05/2009 Page 43 of 97

in ihe digital elevation map givenin Fig 10, these streams flow weslerly and southwesterly,
and become, in general, progressively more deeply incised as they pass from lhe Arkansas
portion of the Illinois River Watershed to the Oklahoma portion of the (llinois River
Watershed. As shown on the land usefland cover map in Fig 11, the Arkansas portion of
llincis River Watershed is dominated by broad open grassed areas of low topographic
relief ihat are dissected by numercus iributary drainages. In conirast, in the Oklahoma
perion of the Hlinois River Watershed, topographic refiefis greater, and the major streams
there form broader more steeply-sided forested valleys that separate more isolaled grassed
areas. Urban areas wilhin the lliinois River Watershed are localed largely along the
walershed’s boundary, dominanily along the far norheastern boundary of the watershed,
and adjacent to the primary east-west transi:rurtatinn comidor. Simply stated, ihe Arkansas
pertion of lhe lllinois River Watershed is mare open, contains a greater proportion of
pasfure {and and those pasiurelands are more contiguous in Arkansas than in Oklahoma.
This condition faciliiates the disposal of pouliry wastes through land application. In contrast,
ihe Cklahoma poriion of the lllinois River Walsrshed is generally hillier, going westward and
southwestward, and thus becomes less topegraphically suitable for the disposal of pouliry

wastes through land application traveling from east to west.

Structural features found in the region suggest episodes of uplift and exiensional stress.
Compressional forces are aftributed to the Quachita orogeny, a plate collision that climaxed
in the Mississippian.'® Extensional forces are represented by large-scale nermal faulits,

dipping to the south that commonly extend to basement'™, and smaller scale faulfing on

Banton County, Arkansas. J. Arkansas Academy of Science, 51: 159 — 168 (Pl-Fisherl0000092- Pl
Fisherd0000101); Bedrock Geologic Map of Arkansas, Northwest Guadrant, 1800x 1800, available at
hiip:/fgzotogy. about comMibranyblmaps/n_statemap ARnw him; also sea PI-FISHERDGO2E536.

105 Flzwm, P.T,, Goidstein, A_ Jr, Hing, P.D,, and Waaver, C E,, 1954, The Quachita System, Tha University
of Texas, Austin, TX.

106 Omdorff, R.C., Weary, D.J., Sebela, 5., 2001, Geclogic Framewnrk of the Czarks of Scuth-Central
Missouri- Contributions {o a Conceptual Model of Karst, In Eve L. Kuniansky, edior, 2004, LS.
Geological Survey Karst Interest Group Proceedings, Waler-Resouwrces nvestigations Report 01-
4011, p. 18-24.
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lhe order of 30 m displacements.'”  Joints are comman and appear to be centrolled by
uplift lhat resulted in extensiona! fractures. The faults and fractures that conirol drainage
within the llincis River Watershed are primarily associated with the Ozark uplift. The Ozark
uplift postdates the deposition of the youngest bedrock (Mississippian) wilhin the lllineis
River Watershed.'™ As a result, this uplift disturbed all strata within the llinois River
Walershed. Consequently, significant fracturing and faulting observed at the surface within
the Iltinois River Watershed penetrates deeply into all of the geclogic formations within the
Hlinois River Watershed. This deep fracturing is significant, because its presence means
that the constituents from land application of poultry waste can not orly easily move into
shaliow aquifers along dissolution-expanded (karsted) infiltration routes, it can also
penetrate fo greater depths along the deep seated fractures and faults, and thus threaten
deeper aguifers. A map showing major faults fractures and significant linemaments is given
in Fig 12.

The terain of the bulk of the lilinois River Watershed is mantled karst. ' in mantled karst
terrains the disscluticn of carbonate units beneath a covering of soil and regolilh creates
expanded infiliration pathways including, sinkhsles, solution expanded fractures, faults and
caves. The fraciuring and faulting within the lllinois River Waltershed, combined wilh

karstification {which enlarges subsurface faults and fractures) produces areas of high

107 Stanlon, G.P., and Brahana, JV., 1995, Structural confrel on hydrogsology of 2 mantled karst aguifer in
northrwestem Arkansas: Geological Society of America Abstracts with Programs, v. 28, no. 7, p. 334,

108 Hudson, M. R. 2000. Coordinated strike-slip and normal faulling in the southem Ozark doma of northam
Arkansas: Deformeslion in a late Paleczoic fereland. Gectogy, 28:511-514 (Pi-Fisherd0081752- PI-
Fisher00001755); Imes, J. L. and L. F. Emmett. 1924. Gechydrology of he Ozark Plateaus Aquifer
System in Parts of Missicur, Arkansas, Oklahoma and Kansas. USGS Professiona! Papar 1414-D
(PL-Fisheni0002812. - PI-Fisher00003051).

109 Stanton, G.P., and Brahana, J.V., 1958, Structural control on hydregeology of 2 manted karst aguifer in
rorhwestem Arkansas: Geofogicat Society of Amsrica Abstracls with Programs, v. 28, no. 7, p. 334,
Adamsl, J. G, J. C. Peferson, 0. A Freiwald and J_ V. Davis. 1994, Environmentat and hydrofogic
seiting of the Ozark Plateaus Study Unit, Arkansas, Kansas, Missoun, and Oklahoma, USGSWR!04-
4022 {{Pi-FizherD0002644 - PI-Fisheri00027{9) ; Salisbuery, D. O. and Davis, R K. 1997, A
hydrogeslogical and hydrochemical connaclion between the Decatur City Spring and Crystal Lake,
Benion County, Arkansas. J. Arkansas Academy of Sciznce, 5%: 159 — 168 {PI-Fisher0D000082- PL
Fisherl0000101}.
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permeability, and resulls in & circumslance in which shallow ground waler aquifers are
particutarly susceplible to impact by surface contamination, including contamination by
bacleria, that can readily travel from lhe soil surface to surface water and ground water
during rainfail events. A diagram illustrating the relalionship between fractures and
solution activity in carbanate rocks is provided in Fig 13. Within such a karst terrain, there
is litlle attenuation (reduction) of contaminants as they move from ihe land surface info and
lhrough the karst aquifer. Thus, fand appiication of pouliry waste 1o the karst terrain of the
liinois River Watershed means {hai constituents of this waste (including bacteria) travel
readily through the soils and underlying geologic media {o discharge at and into ground
water springs and surface streams throughout the lllinois River Watershed. Further,
because of the ready flow of water through a karst terrain of the type present in the lllinois
River Watershed, there is slrong interaction between surface water flow and ground water
flow so that surface waters readily become ground water and ground waler readily
becomes suiface waler. The phenomenon is readily shown by the numerous springs and

gaining and losing streams found within the Illinois River Walershed.

Soils within the lllincis River Watershed are formed moslly from the weathering of
carbonate rocks, and are of low natural fetility. "'° The soils are typically loams and are
cften rocky due o the presence of chert fragments. Loam soils are mixtures of sand, silt,
clay and organic malter. Depending an {he relative proportion of sand, sift and clay, these

118 Osbom, N. L. 2001. Minor Basin Hydrogeofogic Investigation Report of the Boone Groundhwater Bagin,
Northeastern Okfahioma. Oklahoma Water Resources Board Technical Report GW2001-2. (PL
Fisher(}003605 - Pi-Fishar00003630); Uniled States Department of Agriculture Soil Conservation
Service and Forest Senvice In cooperabion with Arkansas Agricultural Experimant Station. 1977. Soil
Survey of Senlon County, Arkansas; United Stales Depariment of Agricullure Soil Conservation
Service and Fores Service In cooperalion with Arkansas Agricultural Experiment Station. 1969, Soil
Survey of Washington County, Arkansas; U 5. Depl. of Agriculture, Soil Conservation Service. 1565,
Soil survey, Adair County, Oklahoma; U.S. Dept. of Agricutture, Seil Conservation Service. 1970, Sail
survey, Cherokee and Delaware Countfes, Okishoma; Uniled States Depariment of Agriculture,
Matural Resources Conzervation Service, in cooperation withthe Oklahoma Agricultural Experiment
Station and the Oklahoma Conservation Commission. Supplement to the Soil Strvey of Adair County,
Oklahoma, United States Department of Agriculture, Natural Resources Conseryafion Servica, in
cooperation with the Oklzhoma Agricultural Experment Station and lhe Oklahoma Conservation
Commission. Supplement to the Soit Survey of Delaware County, Oklahoma,
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soils will be susceptible lo infiltration or surface runoff. '™ As shown in Fig 14, soils more
susceplible to run off dominate in the eastern and western portions of the illinois River
Walershed, while soils thal are more susceplible 1o infiliration dominate in the central
portion of the lllincis River Watershed.'’? Thus, contaminants deposiled on the surface
within the lllinois River Watershed are prone io runoff from scils in about half of the
watershed and are prene to infiltrafion through soils in the remaining half of the watershed.

The features discussed above are schematically shown in Fig 15 which provides a site
conceplual model for the lllincis River Watershed. The fractured and karsted bedrock is

shown in brown in the cross section.

20. Shallow ground water within the Iliinois River Watershed is highly susceptible to

contamination from surface-applied pollutants. The shallow bedrack aquifer within the

111 Al-Qinna, #. 1. 2003. Measuring and modeling soit waler and solute transport with emphasis on physical
mechanisms in karst topography. M.S. Thesis, University of Arkansas, . (P-Fisher}00038977- Pi-
FisherD3004270}, Davis, R. K., J. V. Brahana, J. 5. Johnson, 2000, Ground water in northwest
Arkansas: Minlmizing mutrient cenlaminalion from non-point sources in kars! terrane. Arkansas Soil
and Water Conservation Commission, Publication Mo, MSC-285 (PIFisherl03116 - Pl
Fisher00003288), United States Deparimenl of Agriculture Soff Conservation Service and Foresl
Senvice In cooperation with Arkansas Agrcullural Experiment Station. 1977, Soil Survey of Benton
County, Arkansas; United States Depariment of Agriculture Soil Conservation Service and Foresl
Service !n cooperalion with Askansas Agiculiural Experment Station. 1969, Soil Survey of
Washington County, Arkansas; LS. Dept. of Agriculture, Seoil Conservation Service. 1985. Soil
survey, Adair Counly, Gkishoma; LS. Dept. of Agriculiure, Soit Conservation Service. 1870, Soil
survey, Cherokee and Delaware Counties, Oktahoma; United States Depariment of Agriculiura,
Matural Resources Conservation Service, in cooperation with the Oklshoma Agriceltural Experiment
Stalion and the Oklashoma Conservation Commission. Supplement fo the Soil Survey of Adalr Counly,
Oklzahoma; United Stales Deparmenl of Agricullure, Natural Resources Conservation Service, in
cooperation with the Oklshoma Agriculiural Experiment Station and the Oklahoma Conservation
Commission. Supplement ko the Sail Survey of Defawara County, Oklahoma.

112 The eastern portion of tha inois River Watershed eomprises upland soifs belonging to hydrologic class
"G”, and to a lesser areal extent, scils within valley alluviem belonging to hydrologic class "B*. The
central portion of the Itinols River Watershed is dominaled by soils belonging to hydrologic claas B,
whila lhe westem portion of the lilingls River YWatershed comprises seils befonging ke hydrologic class
"B¥. The least lransmissive layer of sofls belonging to hydrolegic class "B” have a saturated hydrautic
conductivity of between .42 — 567 infhour {10-40 mmfs), and thus have much a grealer infiliration
potential {and, consequantly, a much lower runoff potential) than soils in hydrofogic class ‘G inwhich
the leasf ransmissive layer has a saturaled hydraulic conductivity of betwaen £.14 - 1.42 infhour (1-
10 mms}) or soils inhydrolpgic class "Dinwhich the least transmissive layer has a saturated hydraulic
conductivity of < D14 infhour {< 1 mmfs}. See LSDA NRCS 2007. National Engineering Handbook,
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Springfield Plateau of the Ozark Uplift is the Boone. The Boone aguifer consists of the
Mississippian Keokuk and Reeds Spring formations and the St. Joe Group, commonly
cailed the Boone Chert or Boone Formation. The Boone Formation consists of dense, fine-
grained limestone and massive gray chert. Where the chert is fraclured, the formations are
permeabte“:’" The Boone aquifer is absent because of erosion in a few areas in Delaware,
Cherokee, and Adair counties, Oklahoma. In lhese areas the Chaltanocga Shale of
Devonian age and the Burgen Sandstone, Sylvan Shale, and Cetter Dolomite of Ordovician
age are exposed at the sudface. The Burgen Sandstene and Cotter Dolomite are part of the
underlying Roubidoux aquifer. '

The vulnerability of the Boone aquifer within the area of ihe lllinois River Watershed to
pollution from surface-applied contaminants has been addressed in both Oklahoma'* and
Arkansas''®. The aquifer vulnerability analysis conducted in Oklahoma and in Arkansas
considered the same factors: (1) depih to waler, {2} net recharge, {3) scil media, (4)
topography, {5} vadose zone media; and {8) aquifer hydraulic conductivity.

The depih 1o water is the distance, in feet, fram lhe ground surface to the water table. It
determines the depth of material (hrough which a contaminant must trave! before reaching

ihe aquifer. The shallower the water depth, the more vulnerable the aquifer is to pollution.

The primary source of recharge is precipitation, which infiltrates through the ground surface
and percolates 1o the water table. Net recharge is lhe tota! quantity of water per unit area,

Part 530 Hydrology, Chapler 7. Hydrologic Soil Groups.

113 Imes, JL., and Emmetlt, LF., 1394, Geohydrology of the Ozark Plateaus Aquifer Systzm in Parts of
Missouri, Arkansas, Oldahoma, and Kansas: U.S. Geofogical Survey Professionat Papar 14140, 127
p.; Marcher, M.Y,, and Bingham, R.H., 1971, Reconnaissance of the Water Resources of lha Tulsa
Quadrangle, Mortheastem Okfghema: Okfahoma Geological Survey Hydrotogic Atfas 2, 4 shests,
scale 1:250,000.

114 Osborn, M. |, and Hardy, R. H. 1939, Siatewide Ground water Vulnerabiiity Map of Oklahoma. Okdahoma
Waler Rescurces Board Technica! Report 99-1.

115 Oshom, M. | and Hardy, R. H. 1889, Stalewide Ground water Vulnerabilify Map of Okiahema. Okishoma
Waler Resources Board Technical Report 95-1.
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in inches per year, which reaches the water table. Recharge is lhe principat vehicle for
leaching and {ransporting confaminants {o the waler table. As recharge rate increases,

apporiunity for contaminanis to reach {he water {able increases.

Sollmedia is the upper wealhered zone of the earlh, which averages a depth of six feet or
less from the ground surface. Soil has a significant impact on the amount of recharge that
can infiltrate into the ground. In general, the less the clay shrinks and swells ang the

smatler the grain size of lhe soil, the less likely contaminants will reach the water table.

Topography refers to the slope of the land surface. Topography helps control the likelihood
that a pollutant will run off or remain long enough to infiltrate through the ground surface.
Where slopes are low, runoff is small, and lhe patential for pollution via infillraiion is
greater. Conversely, where slopes are steep, runoff capacity is high and the potential for

pollution to reach ground water via infiltration is lower.

Thevadose zone is ihe unsaturated zone above the waler table. The texture of the vadose
zone determines the time of travel of the contaminant through it. Coarse texfured maierials

allow, in general, more rapid transport than finely textured materials.

Hydraulic conductivity refers to the rate at which water flows horizontally through an aquifer.
Aquifer vulnerability increases with increasing hydraulic conductivity.

In Okiahoma, ihe Boone was among the four bedrock aquifers considered highly vulnerable
to surface conlamination because it contains karsi features such as caves, sinkholes, and
disappearing sireams, which provide direct conduits for precipitation and runoffic transport

contaminants to the water table,

116 The Nature Conservancy, 2007. Karst Area Sensttivity Map for Morthwest Arkansas: Benten County. The
Malure Censervancy, 2007, Karst Arez Sensitivity Mapfor Northwest Arkansas: Washington County .
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Recharge 1o the Boone hydrogeologic basin is almost entirely from direct infiltration of
precipitation. The faclors that make the oulcrap of the Boone Fommation favorable to
ground water recharge also make it vulnerable to contamination. Because soil and subsail
in the Ozarks is thin, near-surface faults and fracture systems are commaon, and dissolution
of the carbonale rocks is widespread, precipitafion can quickly infiltrate the unsaturated

Zone.

Based on a review of Cklahoma Waler Resources Board and Arkansas Geological Survey

"7 {here are 3,563 ground water wells in the lllincis River Watershed including

wellrecords
1,717 wells in lhe Cklahoma portion of the Hlincis River Watershed. The vast majority of
the wells in the Oklahoma portion of the Illinois River Watershed (1,679 of 1,717 wells, or
98%) are regislered for "Domestic” use (for drinking and cther household purposes), and
about 50% of the wells in Oklahoma are shallew {i.e. less lhan 200’ tota! depth). Basedon
my experience and observalions these domestic wells do not typically employ trealment
systems that would eliminate any bacterial hazard. Given the above analysis of he geclogy
and terrain of the lllinois River Wafershed, surface water conlaminated wilk land applied

poultry waste will readily travel to shallow, and often deep, ground water aguifers.

The analysis conducted for the Arkansas portion of lhe lllincis River Watershed''® is more
detailed spatially, and predicts that the highest areas of aquifer vulnerability are within

fractures, stream courses and on slopes.

Considering the nurmerous factors in play that pemmit surface-applied contaminants to enter
groundwater, he karst of norihwesierm Arkansas and northeastern Oklahoma is vulnerable
to ground-water contamination because of lhe unique geology of the region in combination
with the {arge volume of poultry waste spread on pasture iand as fertilizer. The wasle
produced by more than | billion chickens and other pouliry, and livestock operations

117 Groundwate: well completion records fer Oklahoma can be downloaded from www.owrb.ok aov; Arkansas
Reporis o Water Wall Construction (AWC-0001 - AWC-3852),

118 The Nature Conservancy, 2007. Karst Area Sensitivily Map for Norttewest Arkansas:  Benton County. Tha
Nalure Conservancy, 2007 Karst Area Sensitivity Map for Nerthwest Arkansas: YWashinglon County .
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conslifutes a threat to ground-water quality because of rapid recharge of ground waler
through karst features and associated conduit flow of ground water through the bedrock.''®

21. Constituents of land disposed poultry waste run cff fislds and surface water and

infiltrate through geologic media and contaminate ground water and are poorly

attenuated. Poultry waste is disposed on fields within the lllincis River Watershed by
simple broadcast spreading. The poultry waste is not mechanically incorporated into soils.
As a consequence, bolh soluble and particulale fractions of this material are readily
available for {ransportation through the agency of rainfall. When rain interacts with poultry
waste, some of lhe malenal goes info sclution. This dissolved materal can then fravelwilh
the water as it moves downward through the scil and vadose zone o pollute the ground
water. Additionally, if sufitcient rainfall occurs in a short enough period of time, runoff is
praduced (i.e. not all of the water can be taken up by lhe soit and it runs off the field). The
dissolved material derived from lhe pouliry waste will also move with the runoff and pellute
surface water. Further, this runoff water can also carry parlicles of poultry waste that will
poilute surface waler, siream sedimenis and {ake sediments. Because pores can be large
in karst, particles can also be transporied through the ground water in karst aquifers. Bolh
runoff and ground waler eventually end up in surface streams that low to Lake Tenkiller.
Thus pollution of lhe surface of the ground by the disposal of pouliry wasie as practiced
within the lliinois River Walershed results in the pollution of surface water, ground water,

stream sediments and lake sedimenis.

119 Davis, R. K., J. V. Brahana, J. 5. Johnsen. 2000. Ground water in porhwast Arkansas: Minimizing
nutrient contamination from non-point sources in karst ferrane.  Arkansas Soil and Waler
Conservation Commission, Publication No. MSC-288 (PI-Fisheri(003116 - Pi-FisherDD003288);
Osbom, M. | and Hardy, R. H. 1999, Statewide Ground waler Vulnerability Map of Oklahoma.,
Okfahoma Waler Resources Board Technicat Report 99-1, Oshom, N L 2004, ¥inor Basin
Hydrogeologle Investigation Report of Llhe Boone Groundwater Basin, Northeastern OMahoma.
Oklzhoma Water Resources Board Technical Report GW2001-2. {PL-Fisher00003665 - Pl-
Fisherd0003534},

50




Case 4:05-cv-00329-GKF-PJC  Document 2201 Filed in USDC ND/OK on 06/05/2009 Page 51 of 97

22. Scils to which poultry waste has been applied within the lllinois River Watershed

are contaminated by poultry waste constituents. Composite samgples of soils {o which

poultry waste had been applied were collecied at seventy-three (73) locations. Data forall
collection depths {0-27, 2-4" and 4-6" } for Tolat P, Total Zn, Total Cu and Total As are
shown in Fig 16 Total Zn, Total Cu and Total As all trend upward with increasing Totat P,
and Total Zn and Total Cu appear well correlated wilh Total P. The relalionships bebveen
the concenirations of Total P and Total Zn, Toial P and Telal Cu, Total P and Total As and
Total Cu and Telal Zn found in the 0-2° so0if samples, and pouliry wastes collected from the
lllingis River Watershed are shown in Fig 17. The 0-2° interval of soil is the sampled soil
depth interval most impacted by broadcast spreading of poultry waste and represents the
poriion of the soil column most susceplible to erosion. In each of the crossplols, projection
of the regression line calculated from the 0-2° soil samples intersects the pouliry wasle
data. This shows that the excess concenlrations of P, Zn, Cu and As found in the 0-2° soit
samples are from land disposed pouliry waste.

23, Runoif water captured in edge of field (EQF) samples within the lllincis River

Watershed is contaminated by poultry waste. Shown in Fig 18 are locations where

samples of unoff water {edge of field samples) were collected adjacent to sites shortly after
poultry waste had been disposed at lhat site. Examinalion of the analytical data from lhese
samples shows a high degree of correlation between Total P, Tota!l Zn, Tetal Cu and Tolal
As {see Fig 19) The relationships between the concentrations of Total P and Tofal Zn, Total
P and Total Cu, Total P and Tolal As and Total Cu and Tetal Zn found in edge of fisld
runoff samples {ECF} and pouliry wastes collected from the lHlingis River Walershed are
shown in Fig 20. In each of the crossplots, projection of the regression line calewated from
the EOF samples intersects the poultry waste data. This shows that the concentrations of
Total P, Total Zn, Total Cu and Total As found in the EOF samples are from land disposed
pouliry wasle.
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24, Ground water within_the llinois River Watershed is contaminated by poultry
waste. Shown in Fig 21 are ground water collection locations within the llinois River

Watershed. Shown in Fig 22 are the relationships belween the concentrations of dissolved
phosphorus, dissolved copper, dissolved zinc and disscived arsenic found in ground water -
samples and the concentralions of dissolved phosphorus, dissolved copper, dissolved zinc
and dissclved arsenic found in edge of field runoff samples (ECF}. Dissolved constitutenis
were used in this analysis because materials in solution rather than materials in suspension

are more likely to infillrate soils and enter ground water.'?°

The crossplots of dissclved
phosphorous and dissclved zinc dissolved phosphorous and dissolved copper and
dissolved zinc and dissolved copper all show that the concentration relationships found for
ihe edge of field samples blend seamlessly with hose found in the ground water samples.
This is especially pronounced in the crosspiot of dissolved copper and dissolved zine. The
crossplot of dissolved phosphaorus and dissolved arsenic shows that the concentration of
dissolved arsenic is very low in lhe ground water samples collected, and that the
concenlration of arsenic in the edge of field runcff samples rapidly decreases with

decreasing dissolved phospharus concentration.

25. Stream Sediments within the lllinois River Watershed are contaminated by
poultry waste. Shown in Fig 23 are stream sediment collection locations wilhin the Ilinois
River Watershed. Shown in Fig 24 are the refationships betweaen the concentrations of {otal
phosphorus, total copper, 1otal zinc and tolal arsenic found in stream sediment samples
and the concenirations of concentrations of total phosphorus, total copper, total zinc and
total arsenic found in poultry waste and in the 0-2" interval samples of soil that was
uncontaminated by poultry waste. The crossplot of total phosphorus and total zine shows
{hat, with respect to total phosphorus, total zine in stream sedimenis is somewhat enriched
compared to pouliry waste, butis generally on a mixing trend between uncontaminated soil
and poullry waste. The crossplot of fotal phosphorus and total copper shows that, wilh

120 Particulate matler can alse enler ground water, but is more susceplibiz to filiering or other types of loss
during its passage from tha surface lo ground water than dissolved malerials.
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respect 1o lotat phosphorus, fetal copper in stream sediments is somewhat depleted
compared to pouliry waste, but is generally on a mixing trend between uncentaminated soil
and poultry waste. The crossplot of total copper and total zinc shows that, as would be
expected from the crossplots of Ihese paramelers against {otal phosphorus, thatthere isan
enrichment in zinc with respect to copper from the e mixing of poultry waste with
uncontaminated soil. These trends for total zinc and telal copper are reasonable given the
greater waler solubility of copper compared fc that of zinc. The crossplel of {ofal
phesphorus and total arsenic shows that, with respect to tota! phosphorus, tota! arsenic in
siream sedimenis is substanlizally enriched compared to poultry waste. This may reflect
enhanced {ranspori of arsenic from fields in which pouitry waste has been disposed. The
overalf cenclusion that can be drawn from these data is lhat stream sediments within the

Ilinais River Walershed are contaminated by poultry waste.

26. Reservoir sediments are important archives of envirecnmental and geomerphic

processes oceurring within their drainage basins. Reservoirs, such as Lake Tenkiller,

are effective traps for incoming sediment.?' Once materials entering or produced in a
resevoir settle to the bottom, energy levels and hydradynamics are usually insufficient to
transpori these malterials from lhe reservoir. Because of their sediment trapping ability,
reservoirs have lhe unique capacity for recording varations in sediment lcadings and
sediment-associated water qualifty parameters within the drainage basin. Reservoir
sedimenis are derived from both allochthonous {exiernal) and autochihonous {infernal)
sources. Allochihonous materials are iransported by water mevements from the reservoir's
drainage basin {e.q. eroded soil, particulate poliutants} or fall from the air as particulates
{e.g. leaves, dust, elc.). Autechthonous materials are produced within the reservoir and
seflle from the water column {dead organic matter, chemical precipitates, etc.).'**
Consequently, reservoir sediments record changes in watershed land use, sediment and

water quality, pollulant and nutrient leadings, and ecclogical response in lhe reservoirs

121 Poff, N. L. and &, D, Hart. 2002. How dams vary and why it matters for the ememging science of dam
renoval.. Bioscience 52: 859 ~ ¥38; McHenry, J.R. 1974, Reservoir sedimenlation. Water Resour,
Bull. 10:326-337.
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water column. ¥

Because sediments are imporlant archives of environmental and
gecmorphic processes occurring wilhin their drainage basins, numercus studies have used
dated sediment coras to reconstruct pollution histories reservairs, as well as lakes, marine
coastal embayments and other coastat zones.'* Pouliry waste leaving land disposal sites
within the lllinois River Watershed will be transported to and deposifed within Lake

Tenkiller.

27. Sediment has accumulated in Lake Tenkiller since dam closure. During the period

July 13-18, 2005, Glebal Remate Sensing conducted a shallow sub-bottom acoustic survey
of Lake Tenkiller. The purpose of lhis survey was to determine the distribution of posi dam-
closure muds (recent fine grained sediments) wilhin the lake. Acouslic data was acquired
using an Edgestech Model Xstar system was with a model SB216 towfish {operating
frequencies 2 to 16 kHz). The system was conlrolled using Edgelech's Discover
acquisition and conlrol software. Navigation data were acquired wilh a CS1 Wireless Veclor
Differential Global Positioning System. Navigation and acousiic data were real-time
integrated using the Hypack Survey Syslem. The towfish was fowed on the port side of the
vessel. The data were clean wilh high signal to noise ratio and had excellent veriical
resolution and sufficient sediment penetration. The full extent of the Tenkiller lakebed was

122 Wetzel, R. G. 2001. Limnology, 3rd Edition. Academic Press, 1006 p.

123 Foster, LO.L, and fA Leas. 1539. Changes in the physical and gecchemical properies of suspended
s=dimeni defivered to the headwaters of LOIS sver basins gver the lasl 100 years: A preliminary
analysis of lake and reservoir botlom sediments. Hydrol. Processes 13:1067-1086; Mehounou, M.,
and B.J. Presley. 2003. Mercury and clher trace elemenls in sediment cores from Ceniral Texas
Lakes, Arch. Environ. Contam. Toxicol 45:11-2%; Hambright, K.D_, W. Eckert, P.R_ Leavitt, and C.L.
Schelske. 2004. Effects of hislotical lake fevel and land use on sediment and phosphorus
accumulation rates in Lake Kinnerel Environ. Sci. Technol. 38:6460-84687; Van Metre, P.C., and B.J.
Mahler. 2004, Contaminant trends in reservoir sediment cores as records of influent stream quatty.
Environ. Sa, Technol. 368:2878-2986; Van Melre, P.C., and B.J. WMahler. 2005. Trends inhydrophaobic
organic contaminants in urban and reference [ake sediments across the United States, 1970-2001.
Environ. Sci. Technol. 38:5567-5574: Shotbolf, LA, A D Thomas, and S.M. Hutchinson. 2005. The
use of reservoir sediments as envircnmental archives of calchment inputs and atmospheric poliulion.
Preg. Phys. Geogr. 28:337-361.

124 Vatette-Siiver, K. J.. 1993. The Usa of Sedimant Cores to Reconstruct Historical Trends in Contamination
of Estuarine and Coastal Sediments. EstuariesVol. 16, No. 3B, p. 577-588, Van Metre, P.C., Wilson,
JT., Fuller, C.C., Callender, Edwanrd, and Mahier, B, 2004, Collection, analysis, and agedating of
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mapped. The sonar mapping track lines are shown in Fig 25. The resull of Global Remiote
Sensing's interpretation of the sub-boltom sonar data is presented in Fig 26 as an isopach
map of recent fine grained sediment thickness. Fine grain recent sediments {post dam
closure muds) vary in thickness within the lake, but tend {o be thickest and most continuous
within the lacusirine and fransiion zones of the lake (see Fig 27 where the thickest
sediments are {ypically about 0.5 m (~ 1.6 fL.} thick. The primary purpose of fhis sediment
thickness mapping was to select locations for the collection of sediment cores for chemical
and geachronologicat analysis.

28. Poultry waste constituents have accumulated and are accumulating within the

sediments of Lake Tenkiller, and sediment concentrations of phosphorous and other

pouitry waste constituents within Lake Tenkiller sediments have increased ovar

time. In August 2005, sediment cores were hand-collected using SCUBA from six
localions within Lake Tenkiller.'?® The locations for care colizction were chosen taking into
consideralion anticipated sediment thickness based on review of individual data lines from
the sub-botiom sanar survey, pre-axisting and consistently sampled limnoclogical stations
and the limnological zonation of the reservoir.™®  Ullimalely a full chemical and
gecchronclogical analysis was performed for sediments recovered from four locations (LK-
SEDO1, LKSEDO2, LK-SEDO3 and LKSED-04; see Figs 26 and 27). The cores were
seclioned into 2-cm intervals and analyzed for numerous chemical parameters.’® In
addition, the sediment sections were analyzed for their content of two radionuclides, lead-
210 (*'"°Ph) and cesium-137 ("¥'Cs}. The isotope 2'°Ph is a naturally occurring radionuclide

sedimend cores from 56 U5, {akes and reservoirs sampled by the 1.5, Geological Survey, 1992
201 U.5. Geological Survey Scientific Invesligations Report 2004-5184, 180 p.

125 Alihough six locations were cored, only material form four locations was fufly analyzed. There was
insufficient sediment recovered from ons location near the dam (N35.60895 W95.04792} to have
adsquate lemparal resclufion. This matedal was not analyzed. Af the rivering localion {N35.73520
W24 D4G55), the pre-reservelr surface eould not be reached by the diver, and the recovered
sediments appeared to be homegenized; segments of this core were analyzed chemically, buinot age
dated,

126 Expert Report of G. Dennis Cooke and Eugene Welsh, 2008.

127 Sample IDs: LKSED-1-01-0% through LKSED-1-18-01; LKSEC-2-04-D1 through LKSED-2-01-22; LKSED-
3-M-04 theough LKSED-3-17-01; LKSED-4-01-01 lhrough LKSED-4-23-01; Pl-Fisherl0001760
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with a half-life of 22.28 years that is produced from the radioactive decay of radium-226
whichitself is produced during the radioaclive decay of uranium-238 (***U). The source of
"¥Cs in sediments is atmospheric testing of nuclear weapons and, mare recenlly, from

atmospheric releases fom lhe nuclear accident at Chernobyl.

The time al which the sedimenls within ihe 2-cm intervals were deposited was determined
based on the 2'°Pb content of the sediment. The 2°Pb method of sediment dating is based
the ameunt of "unsupported” #'%Pb found in {he sediments. Radium-226 (¥*®*Ra) in soils
decays to radon-222 (**?Rn), a gas. Some of the *’Rn gas escapes to the almosphere
where it decays to #'®Pb. This ?""Pb falls on surfaces within ihe watershed, is carried to the
lake by runoff and eventually becomes incorporated in sediments. This 2*°Pb is termed
“unsupported” 2'"Pb because it was produced from 2**Ra located outside the sediments.
Dafing by 2'°Pb relies vpon the difference in total 2°Pb activity in the sediment and
the supported” 2'%Pb activity'*® that is produced by 2®Ra present within the sediments. The
difference between the activity of total '°Pb and the activity of supported *'*Pb is the
activity of “unsupported” *°Pb that resulted from atmospheric deposition. Belh “supporied”
and *unsupperted” ?'*Pb undergo radioactive decay within the sediments, bul the
"unsupported” *°Pb is not replenished by ongeing decay of *®Ra, the aclivity of
“unsupported” '°Pb decreases with depth. Provided ihe input of 2'*Pb to the reservoir is
relatively constant, {he residence time of #*Pb is relatively constant, and there is no
significant migration within sediments, lhe age of the sediment at any parlicutar depth can
be calculated from the depth distribufion of the activity of “unsupported® 2'%Pb. The short
half-life of 2""Pb (22.26 years) provides the ability to resolve sediment age precisely.

"Cs can also be used to date sediments, but this radionuclide, in contrast to 2'°Pb, was

Lthrough Pl-Fisherd0302 326, PI-Fisher}00 1605 through PLFisher00001613; slso produced as STOK
2BRY2.20424

128 Ths adlivity of a given amoun! of radicactive matedal is calculated as the decay constant A multiplied by
the number of radicactive nucls. The activity, R, of one kilogram of a pure radicactive isafope with the
decay constant A is given by: R= & (W/A), where N = 6.023x10 fxmolis lha Avegadro number and A
{kagfkmal] is the mass number.

b5




Case 4:05-cv-00329-GKF-PJC  Document 2201 Filed in USDC ND/OK on 06/05/2009 Page 57 of 97

putinto the atmosphere in pulses (atmospheric nuclear testing, nuclear reactor accidents).
This leads to two limitations. First, using **Cs permits only average sedimenlation rates to
be calculated based upan, at best, three dates: {1) the date of first appearance of '¥'Cs (~
1953), {2) the dale of the '¥’Cs maximum {~1962), and; (3) ihe present sediment surface.
Second, because it has a pulsed input, interaclion between ""Cs and geological, botanical
or other features of the walershed leads 1o a delay in lhe appearance of *Cs within
reservoir sediments. This is in confrast fo 2*"Pb which has a steady-state rather than a
pulsed input to & watershed. As a conseguence, any chemical or biclogical interactions
between ?'°Pb and watershed components will not alter the input of 2'°Pb io waltershed
sediments. This contrast between the input signal for #*°Pb 1o sediments and the input
signal of '¥’Cs to sediments results in a circumstance in which concordant ages cannot be
obtained for *'°Pb and ***Cs melhods.

Results of >°Pb and '*’Cs analysis are given in Fig 28. These diagrams show that
sediments in the recovered cores were undisturbed; the 2'°Pb data show the anlicipated
exponential decline from the shallow depths to deeper depihs in the cores, and do not shaow
evidence of mixing or loss. Second, as would be anticipated from the consideration of their
differing input functions (discussed above), the **"Cs maximum in each core (nominatly a
1062 date} Is displaced forward in time when compared to the *'°Pb dates. Average
sedimentalion rates obtained for the cores are provided in Table 13 below, and varied
behwveen 1.8 cmfyr to 2.69 ciyr with, as would be expecied, a higher sedimentation rale in

{he transition zone than in the lacustrine zone.
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Tahlz 13.
Average Sedimentalion Rate
Tenkiter C::?; Sediments
Core Location Average Sedimentation Rale
{cmiyr}
LKSED-01 @ N35.61875 WU5.04932 1.80
LKSED-G2 @ M35 68052 WO4.89742 210
LKSED-03 @ M35.69297 Wo4 56512 1.80
LKSED-04 £ N35.71482 VW34 04637 269

Data for the concentrations of total phosphorous {Tetat P}, total copper (Total Cu), total zine
(Total Zn} and total arsenic {Total As) in Tenkiller sediments, are plotted against lime of
deposition in Fig 29 for all four core locations.  Also plotled are the concenirations of
phosphorous (Total P}, total copper [Total Cu), tolal zinc {Total Zn) and total arsenic (Total
As} in uncontaminated control surface soils. *** The concenlralions of Tota! P, Total Cu,
tatal Zn and Total As ali frend upward over time, and 1he oldest sediments in the cores
{rend toward the cbserved mean values far Tolal P, Taotal Cu, folal Zn and Total As in the
uncontaminated control surface soils.  This pattern of tempaoral concentration increase for
Total P, Total Cu, {olal Zn and Tolal As cbserved in Lhe Tenkiller sediments is consistent
with ihe chemisiry of poultry feeds and pouilry wastes. This association of chemicals
shows the influence of poultry waste on Lake Tenkiller sediments from fand disposed
poultry wastes, and is consistent with the conceptual fate and transport model for pouliry
wastes. Compounds confaining large amounts of Total P, Total Cu, total Znand Total As
compared to surface control soils are added to poultry feed by the Defendants, and Total P,
Tolal Cu, total Zn and Tolal As are all present in pouliry wastes at concentrations far in
excess of the Total P, Total Cu, tota! Zn and Tolal As concentrations found surface controf

s0ils.

128 (-2 " samples from Siation iDs; CL-1A, CL-1B, CL-2A, CL-2B, CL-3B, CP-1-A, CP-1-B, CP-2-A,
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Data for the concentration of total lead (Total Pb) are plotted against lime of deposition in
Fig 30. Alsc shown in Fig 20 are the cancentration ranges for Total Pb in surface control
soils and in Defendants’ contract growers' poullry wastes. Lead is not intentionally added
to pouliry feed by the Defendanls, and in analyses of the Defendants’ contract growers
waste, when detected, ranged in concentration from 0.81 — 8.4% mg/kg, much lower than
ihe lead concentralion found in Tenkiller sediments or in controt soils which showed a
concentration range for Total Pb of between 9.38 and 17.5 mg/kg. As can be seen in Fig
20, the concentration of Total Pb in Tenkiller sediments increased to a maximum in the
early 1980s, then subsequently decreased in concentration. This temporal paitern of Total
Pb concentration in Tenkiller sediments is consislent with the history of fead addition to
motor gasoline. Under regufations issued by the U. 5. Environmental Protection Agency
{USEPA}, Ihe amount of lead in gasoline was reduced beginning in 1975, and between
1975 and 1982 USEPA calculated a decrease in ambient lead levels of about 64%.%° This
observed temporal concentration pattern for lead in Tenkiller sediments is consistent with a
known and well documented frend for anlhropogenic input of lead to the envircnment and

provides an additional line of evidence supparting the validity of the core dating.

The Easa! sediment recovered at LKSED-01 is pre-impoundment lliinois River floodplain
sediment. It represents the chemistry of the sediments derived from lhe erosion of soils
within 1he Ifincis River Watershed and fransported by the lilinois River in about 1954 and
prior to widespread and intensive pouliry production within the Illinois River Watershed.
Consequently, the chemistry of sediments wilhin Tenkiller, in the absence of intensive
pouliry praduclion, should be similar lo the chemistsy of the basal sediment in LKSED-01.
As shown in Table 14, when chemistries of soils 1hat have not been impacted by pouliry
waste application are examinad, lheir chemistry is similar to the chemistry of the basal
sediment in LKSED-01. Therefore, poultry waste contaminates Lake Tenkiller sediments.

130 terwis, J. 1985, Lead Poiscning: A Historcal Perspeclive. EPA Journal (May, 1955), avaiiable at
hitpffiwvw. epa govihisteryftopics/perspectTead him.
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Table 14
Companson of Average Total P, Total Cu and Tela! Zn Concentrations Obsenved in Centrol
Sail Surface Samples to Average Tofal P, Total Cu and Total Zn Concentrafions Observed
in Fre-Dam Closure liincis River Floodplain Sediment (e, 1954} recovered in the {38-42 cm
sample) from Tenkiller Core LAKESED-01.

klalerial TotalP | Tota!Cu | TotalZn | TotalAs | Total Pb
{mgfkgy | {mg/kg} | {mafkg} | {mokg) i (mgikg} |
Canirot Soils
{0-2 * samples) 3516 5.25 26.54 244 1375

Conteol E2ld-Mickel Preserve
Pre-Dam Closure Hinois River
Flocdplain Sediment . 1954
(38-42 om sample}
LAKESED-01

3133 35 235 1.24 a.61

As discussed earlier, compounds containing subslantial amounts of phesphorus,
copper, zinc and arsenic are added to poultry feed and are present in poullry wasles at
levels well in excess of those found in soils.

it should be noted, that an increasing frend in phosphorus content was also shown in
the core collected and analyzed by the Oklahoma Water Resources Beard Clean Lakes
Study, and ihe lavels of total phosphoreus found in these 2005 Tenkiiler cores are
similar to those found in sedimenls of the same age in the core collected and analyzed
by the Oklahoma Water Resources Board Ciean Lakes Study.™*  This furlher validates
ihe sediment analysis in this study.

As shown in Fig 31, the concentrations of Total P, Total Cu, Total Zn and Total As found
in Tenkiiler sediments are highly comelated with one anclher. As Total P increases in
Tenkiller sediments, Tolal Cu, Tofal Zn and Total As also increase. This is consistent
with these materials having the same concentrated source {i.e. poultry wasie}. The
relationship among the concentrations of Total P, Total Cu, Total Zn and Totat As in

131 Oklzhoma Water Resources Board, 1995, Diagnosfic and faasibility study on Tenkilter Laka, Oklahoma,
Phase 1, Okishoms Waler Resources Board, Oklahoma City, DK,
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Tenkiller sediments, the concenlrations of these parameters in pouliry wastes and the
concentrations of these paramelers in uncentaminated surface soils is further explored
in Fig 32. Cn this pial, the concenirations of Telal P, Total Cu, Total Zn and Tola! As
observed in Tenkiller sediments appear to represent a mixture between sediments
derived from uncontaminated surface soils and poultry wastes. Total Zn and Total P
appear to bahave conservalively relative to @ mixture of unconlaminated soils and
poultry waste. Total Cu appears o become somewhat depleted in sediments relative io
Total P in refative to a mixiure of uncontaminated soils and poultry waste. This may
reflect lhe somewhat greater environmental mobility of Cu as compared fo Zn.'* Total
As appears to become somewhat enriched in Tenkiller sedimenis wilh respecitc a

mixture of uncontaminated soils and poultry waste.

29, The change in sediment concentrations of and cther poultry waste constituents
within Lake Tenkiller sediments are directly related to changes in poultry production

within the lliinois River Watershed. Concentrations of Total P in Tenkiller sediments

from all cares are plolted against year of deposition in Fig 33 as are the populations of total
pouliry, beef cattle, dairy caltle, swine and humans within Lhe illincis River Watershed from

Y32 The animal and human

ihe dala presented in the phespherus mass balance study.
population data are given in units of biomass {animal units).”™ The use of anima! units
places al! of the animal populations on a commen scale relevant to phosphorus excretion.
The concentration cof lolal phosphorus in the dated sediments increases from 313 mg/fkg in
pre-impoundment sedimeni fo 1,485 mg/kg in the youngest sediment recovered by
LKSED-01 {a factor of 4.8). The overall functional form and slope of the sediment total
phosphorus concenlration is more concordant wilh the overall functional form and siope of
ihe total poultry populatian than it is to the overall form and sfope of the poptlalions of beef
catlle, dairy catile, swine or humans. Secondly, combining the curves for beef catile, dairy

catlle, swine or humans would not change the functional formn or slope of the graph of non-

132 Kebala, C. and Singh, B. R. 2001, Fractionalion end Mobifity of Copper, Lead, and Zing in Soil Profiles in
the Vicinity of a Copper Smeller. J. Emviron. Cual 30.485-492,
133 Expert Repoit of Bemie Engle, 2008.
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poultry anima! populalion frem Lhat of beef cattle. Between 1954 and 2002 the number of
animal units attributable to poultry increases from 59,587 fo 850,201, a factor of 14.27
whereas beef catlle increase form 18,108 animal units to 97,616 animal units, a factor of
5.44; diary caflle show an overall decrease of neary threefold fram 41,081 animal units to
14,135 animal units, and swine show an increase from 5,934 animal units 1o 32,278 animal
units, a facter of 5.11. The paltern and scale of the pouliry population increase within the
Hinois River Walershed provides a belter explanation of the increase in sediment Total P in
Lake Tenkiller ithan humans, beef cattie, dairy callle, swing, or any combination of humans
and non-poultry animals. Moreover, beef caitle have only a minor rofe in phosphorous
mass balance, and were, in fact, not considered in a recent extensive study of autrient

mass balance in agricultural soils in Arkansas because,

“Nutrients contained in beef catfle manure were ignored in nutrient source
estimates since a large proportion of these nutrients are obtained from the
forage average and deposited direcily {i.e., recycled) to pastures during
grazing rather ihan collecled in lagoons or stockpiled from confined animal

production facilities.*!®

134 An animal unit, or AL, is 1000 pounds of five animal weight.

135 Slzalon, M. A. Brye, K. R., Daniels, M. B, Danigl, T. C., Nomman, . J. and Miller, ©. M. 2004, Nutrient
tnput and Removal Trends for Agriculiural Soils in Mine Geographic Regions in Arkansas. J. Environ.
Qual. 33:1606—1615.
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Billing Rate

My billing rate for work in this matter is $220/hr.
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Signature

{ reserve the right to supplement, modifyr and amend this opinion based on discovery of any
new facts or data, reinterprelation of any existing or new facts or data, or to rebut opinions

or evidence provided by other experts in this matter.

VE

J. Berton Fisher, Ph.D.
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- Figure 10. Digilal elevation map of the llinois River Watershed.  ~ ~ ©
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Figure 15. Site Conceplual Madel for the lfinols River Watershed
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